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ABSTRACT 


During a study of small mammals near km 42 on the South 
Canol Road, south-central Yukon, 1142 animals of 14 species 
WERemCaprured sin. 23,940 (trap nights i1n1979 1980) ande196 i 
The northern red-backed vole (C/ethrionomys rutilus), which 
inhabited five habitat types, constituted 82.3% of the total 
catch and was clearly the numerically dominant species. The 
meadow vole (Microtus pennsylvanicus), second in abundance, 
a@eecounted forss+o.80f sehe total captures, withs12 species 
comprising the remaining 14.1%. Clethrionomys rutilus 
abundance varied among seasons, years and habitats, but 
there was little evidence of a multiannual cycle. Various 
demographic parameters were examined in an attempt to 
determine the habitat preferred by C. rutilus. Although 
abundance differed among habitats, body weight, body length 
and condition showed no significant differences among 
habitats. Young of the year voles were predominantly in age 
class I in 1979 and age class II in 1980, presumably as a 
result of an earlier onset of breeding in the second year. 
Otherwise, age structure of themsamplescewacecimilar across 
habitats. Overwintered females had more and significantly 
larger litters than young of the year females, but there was 
MO Signiticant ditterence in reproductive output per female 


between habitats. 
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Two of the 5 habitats (Habitats II and III) appeared to 
be the most favourable with reference to both animal 
abundance and quality, as measured by the various 
demographic parameters. Protection from predation is assumed 
to be the primary reason for greater vole abundance in sites 
with more cover. Habitats II and III possessed much debris 
and the plant species afforded ground cover for the resident 


voles. 
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INTRODUCTION 


Few detailed surveys of small mammals have been 
undertaken in the south-central Yukon. A study was conducted 
by Krebs and Wingate (1976) in south-western Yukon, and 
other authors (Rand, 1945; Baker, 1951: Cameron, 1952; 
Banfield, 1974; Youngman, 1975) have discussed small mammal 
distributions in other regions of the territory. 

This study was initiated by the Yukon Wildlife Branch 
in an attempt to gain more information about the prey base 
of the pine marten (Martes americana), which has always been 
an important part of the Yukon fur harvest (Archibald and 
Russell, 1979). The initial purpose of the study was to 
determine the relative abundance and diversity of prey 
species in each of several habitat types. The objective was 
later broadened to include a study of habitat preference by 
the most abundant murid, Clethrionomys rutilus, present on 
the study site. Differences in habitat quality may result in 
differential habitat use or preference by this species of 
small mammal, and in addition may be reflected not only by 
abundance but also by "animal quality". To this end, various 
indices of animal quality (eg. body weight, body length, 
condition factor and reproductive output) were considered in 
ameaccempe to determine 1f habitat ditferences hadvany 


effect on animal quality. 
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Five distinct vegetation or habitat types in the boreal 
coniferous forest were defined and delineated by the Yukon 
Wildlife Branch for both marten and small mammal studies. 
The term "habitat type” has been used in this context to 
include only vegetation parameters and does not include 
other biotic or abiotic factors which influence the 
distribution and abundance of the resident flora and fauna. 

Use of plant communities by small rodents may be 
influenced by a number of factors related to vegetation 
Structure. A variety of other factors are no doubt involved 
in determining the distribution and abundance of a 
particular species of small rodent, for example the 
processes of dispersal and competition (Krebs, 1978), but 
this study is concerned only with the analysis of vegetation 
structure. Vegetation composition and structure is of major 
Significance for certain species of small mammals, as 
several studies have shown (Findley, 1951; Quast, 1954; 
Wecker, 1963; Zimmerman, 1965; Grant, 1971; Miller and Getz, 
Wis (97s 7K nkland and Griffin, 1974 Douglass 7 i9¢6-> 
Drickamer, 1976; Meserve, 1976(b); Dueser and Shugart, 1978; 
Randall, 1978). Available moisture, vegetation density and 
habitat complexity, among others, are intricately involved 
in determining the abundance and diversity of small mammal 


communities. 
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STUDY AREA 


The study area is on the north-facing slope of "Mount 
Mouse" in the Big Salmon Range at approximately 60° 45' N., 
les vibe Wr lt piswaccessible iby wayof-a.o kmM.trai. that 
leaves the South Canol Road at Kilometre Post 42 (Fig. 1). 
Its area 1S approximately 14 km? and it extends from just 
below tree line in the south (elevation 1220 m) to Evelyn 
Creek in the north (elevation 850 m). 

Across the width of the study area eight transects were 
Sut at intervalsect 0.6 km.” The cutelines; averaging 2 km in 
length (range 1.5 - 2.7 km), provided access within the 
Study area for the placement of both live and snap-traps. 

The study area, which lies within the region of the 
boreal forest in the Central Yukon section (B.26b) (Rowe, 
1972), contains stands of Pinus contorta (lodgepole pine), 
Abies lasiocarpa (subalpine fir), Picea glauca (white 
spruce) and Picea mariana (black spruce). Pinus contorta and 
Picea glauca are the dominant forest types on well-drained 
soil of the valleys and lower slopes, whereas a dense scrub 
of A. lasiocarpa extends up the mountain slopes to an 
elevation of approximately 1500 m (5000 feet) (Porsild, 
1S 

All forests along the Canol Road, except those growing 


on moist north and east slopes and near timberline, have 


$c sqéic pntoat-a2 Ce “334 


,»H “2¢ "Go ysoddmexotyes 7 ed *HHlSy v 


>" 22 _ « ~ —_ e 
2K 7] i Lees nia 5 5 "i ¥ Aw qa Bx oh ax | : ‘<« - 
~~ 
i s vy 
fl, -@e8) Se: Saot esseme: a 2G mee’ fous. 
& 
wut «pst etrieras hs ~ (he! @sesemtxcs 
wievi of tm G250 neéaetele) ghee ads 9: antl saae vole 
}: SENS De i as. #9 
a ey ie a > my L i] @ i 7 
ii . oriipnrevk «2eage*s At? 4 ech 20: aizrjepga? 326-9 
ae) nite a5 at bivoAg aN > . sq) dopaé 
grii-vene brs aWa.da 9-36 ddem@acesG Gi- 7h. SSTe yout 
op % = Stis. Rel ‘ od f €3 > ,aG@clé hysap Lave) 
4 ~ \ ’ i" ad, 
mig yuyrc™ Sap’ To F ® Ritathes 
7 
, 
spinw) = \¢ = (si? siteic ines 


becitwes Lok a eset! semehi epee of 214 eoualo 6 
7 ~ - 7 

dutoa zeusb & cnecedw gage pe sere’ Ras ayotiav efy iovlioe 
; i= of @egeor: ceeded az Qi aiega tse sigenen: 
. biter?) (cae? Gong) a, 208 senamixcaqge y poise 


@ Dawson 
YUKON 
Ross River oS 


STUDY AREA 


Ae ZA 


Johnsons Crossin 
; 60° NN - 
- - _ 


miles 


300 km 


FIGURE 1: Map of Yukon Showing 
Location of Study Area 


been destroyed by fires at one time or another (Porsild, 
1951). Stands greater than 170 years old can be considered 
late succession to climax forests. Stands 105 - 160 years 
old, which resulted from a burn about 170 years ago, were 
arbitrarily called mid-successional stands. Early 
successional stands are located in two parts of the study 
area. The northeast section burned about 60 years ago while 
in the far southwest corner a fire occurred approximately 
110 years ago. 

It is obvious that Pinus contorta quickly invades an 
area after a burn (Porsild, 1951), and remains in the stand 
for varying amounts of time depending on site conditions 
(the drier the site, the longer the species remains). The 
oldest stands appear to be dominated by A. lJasiocarpa and in 
Spruce-dominated, late successional stands, Abies 
contributes the only understory regeneration. It appears, 
therefore, that an Abies forest is the climax type and that 
Succession takes at least 170 years to reach climax 
conditions depending upon site conditions. Figures 2 and 3 
(Archibald and Russell, 1979) depict the study area in 
discrete age and height classes respectively and help 
explain its fire history. 

Glacial influences on vegetation are reflected through 
soil parent materials. Porsild (1951) indicated that very 
poorly drained organic areas could be attributed to glacial 
boulder clay deposits. In many of the hygric sites such a 


Situation does exist. However, some clayey soils can be 
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attributed to post-glacial decay of shale bedrocks (Porsild, 
1951; Armson, 1977). This is true of higher elevation sites. 

A sporadic white volcanic ash layer can be found 
throughout the area (Dawson, 1898; Lerbekmo et a/]., 1975; 
Crampton, 1982). Porsild (1951) quotes other authors who 
suggested that this ash layer is approximately 1400 years 
old and was washed down from mountain slopes by wind and 
Pana, 

The climate in this area is continental with cold 
winters and moderately warm to warm summers. Snow cover 
usually lasts from October until May. Snow was much deeper 
and persisted longer at the higher elevations (Habitats II 
and V), than at the lower elevations at the base of the 
mountain (Habitats I, III and IV). The number of snow-free 
days each habitat experienced was Similar in both years. 
Over the two summers of this study there was an average of 
lO032 5snow-free “days, (Table. 1) “and. 79" frost-free: days. These 
observations are consistent with those of Keele (1910) who 
concluded that 3 months of the year (25 May - 25 August) 
were practically frost-free. During the course of the field 
seasons (May - August, 1979 and May - September, 1980), 
there was an average of 60.5 days with rain and 64.5 days 
with at least some sunshine. The average maximum temperature 
over the two summers was 17.8°C, with a mean seasonal 


Tinimum of 3.6°C (Table 2). 
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METHODS 


SMALL MAMMAL TRAPPING 
la Slaps rappingein Habitats 

Within each habitat type, snap-trapping of small 
mammals was conducted during the spring and fall of 1979 and 
1980, and during the spring’ of 1981. Four lines, each 
consisting of 50 Museum Special snap traps baited with 
peanut butter, were established in each habitat type (Fig. 
4). Care was taken to ensure that the entire trapline was 
placed in a single habitat type (Krebs and Wingate, 1976). 
Each line was run for 3 consecutive nights in spring (late 
May - early June) and again in fall (mid-September); thus, 
in each trapping period there were 600 trap-nights of effort 
in each habitat type. Trapping indices were not corrected 
for sprung traps or traps occupied by non-target species. 

Although the calendar dates differ among years in the 
spring trapping, an attempt was made to trap at similar 
phenological dates. Trapping commenced when the amount of 
snow cover and air temperature were comparable among years 
(Table 3). 

Museum Special traps are relatively efficient in the 
capture of murids (Martell, 1979), and several authors (ie. 
PnverconmandeTurne mw  1973;)vang-eb al., 1970; Stackel).41946) 


are in agreement that snap-trapping is a reliable way of 
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estimating relative numbers of small mammals. Pucek (1969) 
and Edwards (1952), however, indicated that it was difficult 
to estimate the population of Insectivora (Sorex and 
Microsorex) from snap-trap captures. Few shrews were taken 
in this study. 

Trap stations were spaced at approximately 10 m 
intervals, as determined by pacing, and their positions were 
permanently marked in order to allow repeated sampling in 
the same locations. This trapping method may produce a bias 
(ie. trapper bias in the placement of traps), but since the 
bias was uniformly present (ie. one trapper), capture 
indices are considered to be indicative of relative 
population changes (Fuller et a/]., 1975). 

Autopsies were performed on all animals recovered dead 
from traps during the summer. Before opening, the carcasses 
were weighed to the nearest 0.1 g on an O'haus dial-o-gram 
balance and measured (total length, tail vertebrae, and hind 
foot) with a 30 cm Helix ruler. For males, length and width 
of the testis were recorded and occasional smears of 
seminiferous tubules and epididymis were made and examined 
on the spot for the presence of sperm. This procedure was 
usually followed for animals with testes of intermediate 
Size. For females, visible embryos, placental scars and 
corpora lutea were recorded. When embryos were present, the 
crown-rump length of the embryo was measured to the nearest 
0.1 cm and the weight of the reproductive tract was 


Subtracted from the gross weight to yield a corrected body 
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weight. 


2. Additional Snap-Trapping 
In vaddurionate the springsandsfallesnap=trapping of 


habitats, additional snap-trapping was done during the 
summer months (June - August) of 1979 and 1980. These 
traplines were located outside the study area, but in 
habitat types similar to those found in it. Each line 
consisted of 50 Museum Special snap traps, baited with 
peanut butter, and was positioned using the same techniques 
as those previously mentioned, but not permanently marked 
and not trapped repeatedly. 

The purpose of this trapping effort was to furnish more 
information concerning the reproductive dynamics of 
Clethrionomys rutilus and to increase the sample size for 
data collected through autopsy. All small mammals collected 
in this aspect of the study were autopsied in the 
aforementioned manner. 

Skulls were saved from all animals so positive 
identification could be made, if that was not possible in 
the field. After C. rutiJus skulls had been cleaned in a 
dermestid beetle colony, their approximate age was 
determined from the development of the second upper molar 


(M2?) (Dickinson, 1976; Tupikova et a/., 1968). 
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3. Age Determination 

Several methods of aging Clethrionomys spp. have been 
described! (Mihok,;©1980-) Perrin,§1978- sLowe,: 197% Tuptkova 
elpain,. |\[6Ge Vittalane (97 ls Martellrandurulters =197.9)euin 
this study, all autopsied C. rutiJus were placed in one of 
four age classes according to the state of development of 
the second upper molar (M?) as described by Martell and 
Fuller (1979). Skulls were examined under a Zeiss binocular 
dissecting microscope at x10. One maxilla (usually the 
right) was chipped away with a scalpel to expose the molar. 
The stage of development of the tooth was noted, and if 
roots were present, the root length, from the closure of the 
anterior groove along the anterior root, was measured by 
means of an ocular grid to the nearest 0.1 mm (Martell, 
(O75) 

Four succesSSive stages in development of the tooth were 
evident: 

(i) anterior groove open, 

(ii) anterior groove closed, 

Canin) eichommmrootse (0nd e-) ie Oemm)e and 

Give tongeroorss <> 1.0 mm), 
Overwintered animals were distinguished by the presence of 
roots greater than 1.0 mm in length. Young of the year 
animals were separated into three age classes depending upon 
the development of the molar. Age class I animals possessed 
a molar with the anterior groove open. Those individuals 


with the anterior groove closed were assigned to age class 
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Tlecindividualssin age%tclass III shadimolar roots 20.1 mm and 
<1.0°mm. In terms of absolute age, if C. rutijus molars 
develop at about the same rate as those of Clethrionomys 
gapperi, then age class I animals were younger than about 30 
days, age class II animals were between about 30 and 60 
days, and age class III animals were older than 60 days 
(Mihok, 1980). 

Live-trapped animals, for which skulls could not be 
obtained, were separated into weight classes. Those weighing 
more than 26.0 g were considered to be overwintered (OW) 
animals. Young of the year were arbitrarily placed in two 
categories: 

(i) an older cohort, probably mainly age classes II and 
GiW ew tl Welgniseor G.clu— 26 «UG, Or 

(ii) a younger cohort, probably mainly age class I 
animals, weighing 18.0 g or less. 

Age of embryos was established from weight and 
crown-rump length (Huggett and Widdas, 1951; Martell, 
personal communication). This information was used to 
back-date pregnancies to determine when conception probably 


took place. 


4, Determination of Maturity 
(i) Males 

Males with scrotal testes, enlarged epididymides in 
which the tubules were visible to the naked eye (Nalbandov, 


1976), and enlarged seminal vesicles were considered to be 
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reproductively active and therefore sexually mature. 
Presence of sperm in smears of testis or epididymis was also 
accepted as evidence of maturity. At the end of the breeding 
season individuals were found with testis flaccid and 
purplish in colour, lacking sperm in smears, but with 
accessory glands still enlarged. They were considered to be 
regressing, and therefore sexually mature. 

Reproductively inactive males were those which had not 
attained sexual maturity at the time of capture. Immature 
individuals were characterized by abdominal testes, usually 
creamy white in colour and roughly 3 mm x 2 mm in size. The 
epididymides and seminal vesicles were small and epididymal 


tubules were not visible. 


(iil) Females 

Those females in reproductive condition were 
characterized by one or more of: an opaque or vascularized 
uterus, uterus with embryos or placental scars, corpora 
lutea in the ovary, much mammary tissue, moderate to large 
nipples ( often surrounded by a hairless area), pubic 
symphysis open or parting. 

In immature females the uterus was usually thread-like 
and) transparent, only small follicles: were present in the 
ovary, mammary tissue was virtually absent, nipples were not 


readily observed, and the pubic symphysis was closed. 
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o. Live=Prapping 

In 1979, Jave=trapping was carried out on the’ four 
Eransects (numberse2,85, 6 and 7)),.that hades the greatest 
variety of habitats. Transects varied in length from 
approximately 2000 to 3075 m and each passed through 
examples of at least three habitat types (Table 4). Several 
authors (Petticrew and Sadleir, 1970; Stickel, 1948a,b; 
Hansson, 1967) have suggested that index lines are an 
efficient method of sampling small mammal populations. The 
purpose of this trapping effort was to further determine 
habitatyuser bye, ruti jus. By using= live-capture data, in 
addition to the snap-trapping results, it was thought that 
if any habitat preference by C. rutilus existed, it could be 
demonstrated. 

The total trapping effort in each habitat was 
approximately proportional to the area of each habitat 
present (Table 5). Longworth traps, with their large nest 
chamber, were used because it waS important to provide 
bedding (terylene fiber) and food (sunflower seeds) for 
Survival. Traps were placed ae Suitable locations (in 
runways, beside fallen logs or close to burrow openings) 
within 1 m of each permanent marker. Each trap was covered 
with moss, lichen, leaves or other forms of vegetation to 
protect captured animals from inclement weather and direct 
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the total transect length with the number of traps (N=110) 
available. 

Traps were supplied with fresh bait at the commencement 
of each trapping period, or rota, which began by opening the 
traps in the late afternoon or early evening of day 1. They 
were then checked, usually between 0700 and 1000, in the 
morning of days 2, 3 and 4, left set during the day, and 
revisited between 1900 and 2200 hours on days 2 and 3. In 
toy OF traps were pickeclup an the morning of the fourth day, 
rebaited, and reset on the next transect in the evening, 
where the same routine was repeated. In order to trap all 4 
transects in 1979, a 13-day rota was needed. A week of 
Snap-trapping outside the study area followed this and then 
the live-trapping was repeated. Therefore, each transect was 
live-trapped for a 3-day period every 3 weeks. Four rotas 
were conducted during the summer of 1979 (Table 6). 

Because the capture rate on transects 2 and 7 during 
1979 was low, effort was concentrated on transects 5 and 6 
in 1980. Again, traps were placed at 29 m intervals and were 
left open for 3 nights. Enough extra traps were supplied so 
that both transects could be trapped at one time. Therefore, 
the rota began by opening the traps on both transects in the 
late afternoon or early evening of day 1 and they remained 
epenmungil the rota ended onethe morning of the founch day 
(Table 6). 

Six live-trapping sessions were conducted during the 


summer of 1980 in order to monitor the small mammal 
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populations on the two transects for a 3-day period every 2 
weeks. There was a seventh and final rota in late September 
which consisted of 2 snap-traps placed at every live-trap 
location. Traps were checked every morning for 3 days and 
the animals collected in this trapping session were 
autopsied. The animals removed during this final rota 
provided information about reproductive history and age 
composition of the population, as well as being a check on 
the efficiency of /five-traps: (Table 7). 

The trap mechanism was constantly checked for 
sensitivity, fresh bait was supplied after every capture and 
terylene was replaced as needed. Periodically, usually after 
every second rota, the traps were picked up, examined, 
brushed out, readjusted if required, and supplied with fresh 
bait and new bedding as needed. At least some old, used 
terylene was present in every trap and the traps were not 
cleaned in soapy water until the end of the summer, thus 
ensuring that the "mousy-smell" would remain in the trap to 
attract animals. 

Captured animals were weighed and examined for external 
Signs of sexual maturity: testes abdominal or scrotal if a 
male, vagina perforate or not-perforate, nipples visible or 
not-visible, and pubic symphysis open, parting or closed if 
a female. They were then released at the point of capture. 
On first capture, each animal was toe-clipped for individual 
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VEGETATION SURVEY 

To characterize the microtine rodent habitats over the 
study area an intensive vegetation survey was conducted. 
Five habitat types were identified by vegetation studies 
conducted by the Yukon Wildlife Branchsin®conjunction witha 
study of Martes americana which was underway at the time 
this project was undertaken. The purpose of this vegetation 
Survey wasS to describe and characterize the habitats. 

In each of the five habitat types, two 20 x 50 m (0.1 
ha) macroplots were placed and the vegetation within them 
was analyzed. Macroplots were located in the same areas 
where the index snap-trap lines were situated. Since each 
trapline was completely within the habitat type it was to 
represent, the macroplots were also placed there in order to 
ensure that the vegetation surveyed was representative of 
that habitat type. 

A uniform stand of the vegetation type was bisected by 
means of a 50-metre chain on an east-west line (baseline) 
where possible (north-south for vegetation plots 1-1 and 
B=2), sinftormauzon regarding slope angle, = siopesaspect, 
microrelief, drainage class and moisture regime was then 
recorded. | 

Within each macroplot, cover classes of the major 
growth-forms (ie. trees, shrubs, herbs and terrestrial 
bryoids) were recorded on a standard form (Appendix 1). 
Total cover class estimates were also made for the plant 


community aS a whole, ie. irrespective of height. The plant 
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Strata and substrata represented were arbitrarily named (eg. 
tall, medium and low shrub) and estimates in percent cover, 
as well as average stratum height and clarity of development 
(resolutions ehighs— medium =, low) were also recorded. At the 
25 m mark on the baseline a soil pit was dug, from which the 
colour and thickness of each soil horizon were determined. 

A 1 x 1m collapsible frame was constructed in order to 
form a 1 m* microplot (quadrat) in which plant species could 
be assessed for height and cover class. Microplots were 
sequentially placed 5 m from the baseline at the 5, 15, 25, 
Sopeands4S5ememarksetovrhe Lert erand atythes10, 2205735040 
and 50 m marks to the right of the baseline. These 10 
quadrats per macroplot were used to assess the species 
composition and abundance of the understory shrubs and 
herbs. Plant nomenclature according to Hale (1969) and 
Hulten (1968). 

The cover class of every plant Species found in the l 
m? microplot and in the 0.1 ha macroplot was determined. 
This value consisted of a range that the actual percent 
Gevermwas snoughtetobe ing (ie.04°-25%, 6° = 15%, sete. “see 
Appendix 1). Values of plant cover used in analyses involved 
the midpoints of these ranges of cover values. 

A 5 cm Bitterlich wedge-prism was used to estimate stem 
CPovermiies basal aceavineft?/acre) of living andi dead trees 
Promusunvey.pointSsat the 5, 15,925, 35 <ande459m marksson 
the baseline. The Bitterlich method allows for rapid and 


accurate analysis of stem cover by species in semicomplex 
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forest communities in which the undergrowth is primarily 
herbaceous (Mueller-Dombois and Ellenberg, 1974). When 
viewing through the prism, tree stems appear displaced to 
one side. Where the displacement is within the trunkline, 
the tree is counted; where the displacement is outside, the 
tree is ignored (Mueller-Dombois and Ellenberg, 1974). A 
borderline tree is counted as half-tree (Dilworth and Bell, 
1967). Small-diameter trees are included in the count only 
if they are close to the observer, while large-diameter 
trees are included at greater distances away from the 
observer. The diameter at breast height (DBH) was recorded 
for the trees found to be "in" by the wedge-prism sightings. 
There is a bias in the tallies of tree DBH by the prism 
method, however, because a greater number of larger trees 
will be counted than smaller trees. However, this bias is 
consistent among habitats. In addition to the timber cruise, 
cover class estimates of each tree species in the macroplot 
by height class were also made. This information could give 
an indication of habitat quality, as usually fertile sites 
have high basal areas (La Roi, personal communication). 

The mean cover class midpoint values of the plant 
Species found in the habitat types were analysed 
Statistically by a stepwise discriminant functions analysis. 
This was done in an attempt to delineate the habitat types 
using characteristic vegetation species. Species were not 
retained in the analysis unless the cover differed 


Significantly among habitats at the P = 0.05 level. The 
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stepwise procedure initially selected the single best 
discriminating variable, or plant species. A second 
discriminating variable was selected as the variable best 
able to improve the value of the discrimination criterion in 
combination with the first, and so on until the remaining 
variables no longer contributed to further discrimination. 
When that point was reached, the stepwise procedure was 
halted and further analyses were performed using only the 
selected variables (Nie, et a]., 1975). This analysis was 
used in an attempt to see if habitats differed with regard 
to vegetation, and if so, which of the plant species best 
delineated the habitat types. 

Each of the 340 live-trap sites was assigned to one of 
the five habitat types in 1979, during the months of July 
and August, when most vascular plants should have been 
flowering or fruiting. Plant species found within a 5m 
radius of the trap location were identified and recorded on 
"Vegetation Observation Cards" designed by the Yukon 
Wildlife Branch (Appendix 2). Characteristic indicator plant 
species were then used to determine in which habitat 
Gategory to place the trap site. 

As a result of this nformerion and similar vegetation 
analyses conducted by the Yukon Wildlife Branch (D. Russell, 
personal communication) a vegetation map was produced (Fig. 


4). 
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RESULTS 


VEGETATION ANALYSIS 

Since a major aspect of this study deals with the 
habitat preferences of Clethrionomys rutilus, it was 
necessary to determine the various habitat types present 
within the study area. Forty-six species of shrubs, herbs, 
mosses and lichens were identified and included ina 
discriminant functions analysis (see Methods) in an attempt 
to classify the habitats on the basis of vegetation 
characteristics. Although only two cases (data from two 
vegetation plots per habitat) were included in the analysis, 
it was clear that the habitat types were different and the 
four indicator variables (Equisetum arvense, Gramineae spp., 
Mitella nuda and Pleurozium schreberi) correctly classified 
them 100% of the time (Table 8). 

Other plant species also appeared to be characteristic 
of certain habitats and helped in their classification and 
identification. A summary of the important and diagnostic 
species comprising the habitats follows: 

Habitat Type I, Pine Forest. This type is generally 
found on mesic or submesic sites on lower to middle slopes 
having well-drained sandy or silty sand soils (Table 9). 
Generally the habitat is located on the lower slopes or 


flats im the north-east Section of the study areas The 
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overstory consists primarily of Pinus contorta although 
Abies lasiocarpa and occasionally Picea glauca do occur. 
THIS habitat isteasily distinguished» trom the rest. asrit 1s 
the only one dominated by an overstory of P. contorta (range 
OLecover Class midpoints® 1070!) = "920 0%, Table, 10)e. Two 
distinctly different areas of type I can be found. In the 
north-east section of the study area, this type dominates a 
70-year-old burn whereas in the far western portion it 
occurs aS a 180-year-old stand (Don Russell, pers. comm.). 

The shrub layer is moderately well-developed with 
patchy Abies lasiocarpa regeneration (although none were 
observed in the microplots), some Pinus contorta 
regeneration, Empetrum nigrum (which attained its highest 
mean cover of 22% here), Ledum palustre, Vaccinium 
uliginosum and Vaccinium vitis-idae@a (again the most of any 
habitat at 4% cover, Table 11) normally occurring. Shrubs of 
low to medium height (9 - 40 cm) made up the majority of the 
shrub cover with 29%, whereas taller shrubs (mean height 2 
m) contributed 2% to the total shrub cover. 

The herb layer is poorly developed with low species 
richness (8 species) and abundance (3% cover). Cornus 
canadensis, Lupinus arcticus, Lycopodium annotinum and L. 
complanatum are the main herb species present. Epilobium 
angustifolium is present only in this habitat in the 
microplots, but only in trace amounts (0.03% mean cover, 
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A well-developed terrestrial lichen layer, second only 
to Habitat II in abundance, is present within this habitat 
type. Lichen species diversity is greatest (9) in this 
habitat = (Table 13998C ladoniaxsp. ; (Cladifasmitism Clad ina 
rangiferina and Peltigera aphthosa can usually be found. 
Cladina stellaris is present only in this habitat. Mosses 
however, are very poorly developed with the least abundance 
(7% mean cover) found in any habitat. Mesophytic mosses are 
the main representatives, contributing 5.7% mean cover to 
the total moss abundance (Table 13). 

Habitat Type II, Fir Forest. This type normally occurs 
on mesic middle and upper slopes. Soils on these sites tend 
to be well- to moderately well-drained, shallow, and derived 
from glacially-deposited sands and clays weathered in situ 
(Don Russell, pers. comm., Table 9). 

The tree layer in these higher elevation forests tends 
to be thin and consists almost exclusively of Abies 
lasiocarpa. Some Pinus contorta and Picea glauca (3% 
combined cover out of a total tree cover of 41%, Table 10) 
can occasionally be found in the overstory, but seldom if 
ever in the understory. The shrub layer has the lowest 
species diversity (9) and the lowest mean cover (11%) of any 
habitat. Seedling-sized A. Jasiocarpa (5%) and Empetrum 
nigrum (4%) dominate the understory of this habitat (Table 
11). The remaining 7 species, except Ribes triste, have the 
lowest estimated abundance of any habitat type. Although its 


mean cover was very low (0.05%), R. triste was present only 
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in this habitat, and therefore is a good habitat indicator 
species. 

The herb layer, in contrast, has a high species 
diversity (17), however not a very large abundance (4% mean 
cover, Table 12). Cornus canadensis, Equisetum arvense, 
Lupinus arcticus, Pyrola sp. and Moneses uniflora (the 
Fattertabsent sfromiali me microplots)enormally occur in 
this type. 

This habitat type has the most extensive lichen layer 
(mean cover = 26%) of any habitat. Cladina mitis is at its 
greatest abundance here (mean cover = 12%), and Cladonia 
sp., Peltigera aphthosa and Nephroma arcticum are also 
common here. The feather moss, P/leurozium schreberi, occurs 
in high abundance throughout most of these stands, probably 
aS a result of colder temperatures and higher relative 
humidity. 

Habitat Type III, Fir-White Spruce-Pine Forest. This 
type is found in mesic to subhygric sites on middle to lower 
slopes (Table 9). Soils, primarily of clay and sandy parent 
material, are generally imperfectly to poorly drained, and 
in many sandy soils, buried clay horizons prevent rapid 
drainage. Both sites where type III was analyzed contained 
permafrost layers with low ice content. 

AS withetabitatemype 1, twordistinetlysdiiterent, areas 
existewith regard to the overstory. Vegetation plot 3-1 
Congusted of a Pe Glauica dominated stand 105:°> 160;years 


old, with Abies Jasiocarpa regeneration in the understory, 


gal teak bhertiiid 


a Apu 5 FA at CARY Se 


a3) 
it.I? te hit i _ 
eeqel ag slo aviat= 3 
« ‘ 
5 
| = 
: WAI E 
= i 
5 
. i 
= @ pa: ii if<é 
r on : aw *T=-Aart 
: ‘ 
2 j ° 
nl oy Ven ¥ 
¢° 7 
a) ! af a 
} 
» a! 2 a Ca 21 Pm 
ny hy i= Eaw 
' 
_ 
i) oie * 493.86 
: SAO ’ ‘ ; e he _, = 


et ie 


aes 


ae 


"Las 
we 


» F 
= rat) =f. MES a 


11505 3e RR: ans yt 4G70 
- ed to s nig ties ansepev —_ 


ber - ey ie va . 


eros ai remninoe on bas eV emyiie (VS 


sith * ie b's 


- ¢ Pr 
i ig 
ey f\ d ar" 
1.2 
1 
si thr easer > “ged 
=v, ive ¢" 4 
4 
' =a) = 


‘Tape 1g 


mF § 
> a a 


isetheams Qiis 


ae 


a 


- 


ig 14 -~ft3 


Imt3 


a ol 
a Jen ee 
, * vee 


= 
5 
iz 
e 
ie 


= Fei Vi ,-se 
\e a : 
2a a Te 
| 


ys 
fa) 


staf sah them 


Zi 


whereas plot 3-2 was in a stand dominated by both immature 
and mature A. Jasiocarpa 175 years old or older. 

The shrub layer is moderately well-developed with 11 
Species, and a cover value of 17%. Abies lasiocarpa layers 
and seedlings dominate the stratum (9%, Table 11) and 
achieve their greatest abundance in this habitat. Other 
important shrubs include Empetrum nigrum and Vaccinium 
vitis-idaea, which make up 6% of the 9% mean cover. Alnus 
crispa was observed in this habitat, but it did not show up 
iimenyemoLecnersmicnroplots:. 

The herb layer is poorly developed with only 10 species 
represented. However, its mean cover of 8% is the third 
highest (Table 12). Commonly found species in this type are 
Cornus canadensis, Petasites sp., Pyrola sp., Rubus 
Chamaemorus, Lycopodium annotinum and Moneses uniflora (even 
though none were observed in the microplots). Cornus 
canadensis, Pyrola sp. and L. annotinum reach their greatest 
abundance in this habitat. 

The lichen layer is moderately well-developed with 6 
species present and a mean cover of 8% (Table 13). Peltigera 
aphthosa, Nephroma arcticum and Cladina mitis are the most 
represented species, with a combined mean cover of 7%. The 
moss layer has the highest mean cover of 83% in this 
habitat. Pleurozium schreberi normally forms dense carpets 
in these sites and mesophytic mosses are at their greatest 
abundance here. Habitat Type III is one of two in which 


Sphagnum spp. are present (10% mean cover). 
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Habitat Type IV, White Spruce Forest. This type is 
located on moderately well-drained mesic lower slopes in the 
study area. Soils are generally sandy to sandy-clay with a 
comparatively high loam content (Table 9) and some 
permafrost present. The organic horizon is better developed 
inmeenisehabiltatecypemtham imabhernothers witha 
well-decomposed layer of humus averaging 19 cm thick. 

Picea glauca comprises virtually the entire overstory 
with a mean cover of 38% (Table 10); the remaining 3% is 
contributed by an Abies lasiocarpa understory. As Pinus 
contorta 1s present in every other habitat, in varying 
amounteS,,.a idistinguishingecharacterisimic of this habitat 
type 1s the absence of P. contorta in both over- and 
understory. 

The shrub layer of this habitat is very well-developed 
with a high species diversity (12) and the highest mean 
cover of any habitat at 41% (Table 11). Abies lasiocarpa, 
Picea glauca, Alnus crispa, Betula glandulosa and Salix spp. 
form the tall shrub component (mean height = 1.9 m) with a 
combined mean cover of 14%. Arctostaphylos rubra, Empetrum 
nigrum, Ledum palustre, Potentilla fruticosa, Vaccinium 
uliginosum and V. Vitis-idaea dominate the low shrub 
component (mean height = 24 cm) with a combined mean cover 
Of 26%m Picea claucarseedlings, A: %cnispa, A. srubra, ea. 
glandulosa and P. fruticoSa all achieve their greatest 
abundance in this habitat and therefore could be considered 


diagnostic species. 
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In addition to having a very high shrub species 
diversity, Habitat Type IV boasts the highest diversity of 
herbs at 18 species. The mean cover is moderate at 8%, 
second only to Habitat V. Among the common species occurring 
in this habitat type are Cornus canadensis, Geocaulon 
lividum, Linnaea borealis, Mertensia paniculata, Mitella 
nuda, Pedicularis labradorica and Rubus arcticus with a 
combined mean cover of 6% (Table 12). With the exception of 
C. canadensis, all reached their greatest cover in this 
habitat. Senecio trianguiaris was present in this habitat 
and no others; however, it was observed only in the 
Macroplot and notein any “of; the microplots:. 

Lichens are very poorly represented here with Cladina 
mitis and Nephroma arcticum the only species present in more 
than trace amounts (Table 13). Pleurozium schreberi is at 
its greatest cover (71%) in Habitat Type IV where it 
normally forms an almost continuous carpet in these moist 
sites. 

Habitat Type V, Spruce-Fir Woodland. This type occurs 
on the wettest sites of the study area. Moisture conditions 
range from mesic to hygric on middle slopes. Permanently 
frozen soil 1S common, resulting in sparse tree growth and, 
normally, a predominance of shrubs and herbs. 

The tree layer consists generally of Picea glauca and 
P, mariana. However, due to uncertainty in the separation of 
these two species, they were unfortunately combined under 


the common heading of "Spruce". The tree layer is normally 
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Sparse, due in part to the harsh growing conditions in this 
area. Abies lasiocarpa is also present but mainly in the 
understory with a mean cover of 10% (Table 10). 

The shrub layer of this habitat is well-developed in 
regard to species diversity (12) and possesses a moderate 
mean cover of 25%. Moisture-loving Sa/ix spp. has its 
greatest cover in this type and as such is a good diagnostic 
genus. Vaccinium uliginosum, V. vitis-idaea, Arctostaphylos 
rubra and Ledum palustre are well represented here; 12% of 
the shrub cover is accounted for by these four species 
Grable et). 

The herb layer is moderately rich in species (16) and 
possesses the highest mean cover (10%) of any habitat. Carex 
Sp. 1S particularly diagnostic of this type as it reaches 
its greatest mean cover here at 10% (Table 12). Other 
Species that reach their maximum mean percent cover here 
are: Equisetum arvense, E. silvaticum, Gramineae spp., 
Petasites sp., and Rubus chamaemorus with a combined mean 
cover of 6%. Linnaea borealis and Rubus arcticus are also 
common species. 

The lichen layer is species poor (5 species) and has 
the lowest mean cover (2%) ok ke five habitats. Cladina 
mitis, C. rangiferina and Peltigera aphthosa are the only 
species of any significance. Mosses are relatively abundant 
in this type with Pleurozium schreberi, mesophytic mosses 
and Sphagnum spp. well represented throughout for a combined 


mean cover value of 62%. Sphagnum spp. reaches its greatest 
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cover in the macroplots and is therefore a good diagnostic 


genus (Table 13). 


SPECIES DIVERSITY 

The diversity of a community as measured by the 
Shannon-Wiener function (H) depends on two things: the 
number of species and the evenness with which the 
individuals are apportioned among those species (Pielou, 
1975). A greater number of species increases species 
diversity, and a more even or equitable distribution among 
Species will also increase species diversity (Krebs, 1978). 
The diversity value 1S a meaSure of the amount of 
uncertainty in predicting the species of the next individual 
collected, so that the larger the value (H), the greater the 
Uncertainty. PAcCcording, to Krebs: (1978) ,-thisvapproach mis 
preferred by some because it is independent of any 
hypothetical distribution such as the log-normal. The 
Shannon-Wiener function was used as a Satisfactory measure 
of diversity £ollowing Huhta (1979). 

The diversity of the small mammals captured in both 
spring (Table 14) and fall (Table 15) trapping periods was 
calculated for each habitat and each year using the basic 


Shannon-Wiener function (Krebs, 1978): 


Hee S2Py  logeert 


ou) estnehltl i 45°00 
Pe. oat Mb fio+ 3: e4 anand . 


4 


ni sannsniy ova 


| 7 

iis aigide. dats ‘2agn Ne and Gre 229 ina 

4% | tail | : | 

? " : - 9 7+ 

roar) gaq saa, Saad- oginiac betta Lat “Je 68 2loubivet r 

: 7 

= 3 > ~ hele 2a, GeGe. 38 TATRu 9285 ey 4 o6@ : 
2 Gna? cia ‘ 


ire a wih 
“ia | a if a 5 e “@ P Pie Ti iy 2 = rt a. Ta - 


to =a ws =e Z 
j ? 4 ‘ <q 2=u7IG8 = iyo sears 
a 
Té St Si ie). Swi 4) ' TALS lee g 
‘ 
‘4 
= 1 =f 
* 7 re 7 
‘ 3 ae | > =yas U 
- Wee Wee - 7! 
a) ~ , “andi @ 
9 i -=((58 6 26 BOS iaer Wie ont : 


AER iuetatiat pat savad cede: 
: i Bega 2665 eee ne 1c Ctl 
- 7 


. tem —_— 
eeu tdalte, oauders $2) weet) L4es Org. | Ot 
— 


Lega Bis asitGas! aes 


SZ 


In this formulation, H=information content of sample in 

bits/individual which is the index of species diversity; and 

Pi = the proportionsof thes /th*speciess in the sample. 
Equitability or evenness of allotment of individuals 


among the species (J) was calculated as: 
J = H/Hmax 


where J=equitability (range 0-1), Hmax = maximum species 
diversity=Log, S; S=number of species (Krebs, 1978). 

The diversity and evenness of the small mammals 
captured in the spring (Table 14) showed no pattern. To make 
seasonal comparisons total captures for spring trapping 
(Table 16) and fall trapping (Table 17) were combined across 
years. There was a tendency for both diversity and evenness 
to decrease from@the spring to fall in all habitats but 1, 
due undoubtedly to the increase in captures of one species 
(C. rutilus) in the fall censusing periods. Habitat V had 
the greatest diversity in both seasons (H=1.65 in spring and 
H=1.31 in fall). In addition, Habitat V possessed the 
greatest evenness (J=0.71 in spring and J=0.47 in fall). 
Habitat II, however, had a roe low diversity in both 
seasons due, probably, to the large number of individuals 
captured of a (relatively) small number of species. The 
diversity and evenness in Habitat I went from low in the 
spring to moderate in the fall largely due to the appearance 


of shrews in the fall sample. The evenness across all 
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habitats was generally low because of the dominance of C. 
rutilus in the samples. 

The diversities of small mammals were then compared by 
means of a measure termed DIVdif (Dd) (Jarvinen and 


Satimalkisto, 11973) =i Ddeisudefined as: 
DdearHiages | Cie Hye 


That is, as the difference between the common diversity of 2 
habitats, (H;.;) and the mean diversity of the same two 
habitats [(H; + H;)/2] (Jarvinen and Vaisanen, 1973). 
Consequently, Dd is that part of the total diversity that is 
due to pooling the two areas, that is, due to differences 
between the areas. It provides a measure of the difference 
in specieS composition between two areas. 

This value was then incorporated into a modification of 
the index Dd. The new index, relative DIVdif (rD) has a 
range from 0 to 100 (%) and is defined by Jarvinen and 


Mamcanenene! O76) sass 
Voe- 1 U0lexo (Dd) ac aie 


Thawows, 2)00stimesethe Gatio of "equally commonispecies” in 
the combined area to the geometric mean of the numbers of 
‘equally common species' in the two areas, minus 100. This 
transformation of DIVdif avoids the logarithmic nature of 


Divdi1te sin ether words, 1f exponents ane calculated on the 
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Same base as the logarithms originally used to calculate H, 
rD is independent of the log system used (Jarvinen and 
Vaisanen, 1976). 

Values of rD are presented for both spring (Table 18) 
and fall (Table 19) capture data. High rD values mean low 
Similarity; thus, the spring data (Table 20) show that 
Habitats I and V were most different with respect to small 
mammal diversity, with 28.8% of the total rD between them. 
Habitats III and IV were most similar, with only a 2.8% 
difference in relative small mammal diversity (rD) between 
them. In the fall data (Table 20) Habitats I and V were 
again most dissimilar with respect to small mammal 
diversity, with 30.9% of the total rD between them. Habitats 
Peandgen! fandelimande ly had, rDis of ezero and) Habitats 11 and 
Milan cDe=90.69)maidal and=liis(rDr=s0 1-25) vhadivery lowerDis 
indicating that they had either no or very little difference 
in relative small mammal diversity between them. The two 
Sets of habitat ranks (spring and fall) are independent of 
Onemanotherm(RS =00.46,02°=— 1.39%) Spearman’s = Ratik 
Correlation Coefficient) which means that rD changed 
seasonally. 

hi keshimandeu, Ddrand xD were consistently lower in fall 
than spring in spite of a) more species and b) larger 
catches. This is a result of the dominance of a single 
epecies of Microtine, G. mutijusS (60. 4200fethercatch in 
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RELATIVE ABUNDANCE OF C/ethrionomys rutilus 

Clethrionomys rutilus, which inhabited all habitat 
types and constituted 82.3% of the total catch, was clearly 
the dominant species (Figures 5 and 6). No other species was 
taken in all habitats, and none approached C. rutil]us in 
abundance. With great consistency, Habitats II and III 
yielded the greatest numbers of C. rutilus (Appendix 3) 
whereas the fewest individuals were removed from Habitats I 
and, IVs 

The numbers of C. rutilus captured in different 
habitats were compared by means of One-way Analyses of 
Variance (ANOVA). The spring data revealed no significant 
differences in the number captured among habitats, either 
for the sexes combined (F.4,15) = 1.44) or for each sex 
Separately (male m,, 45) = 1.3 7 female hy 558 =) 152). The 
fall trapping, however, revealed that numbers of C. rutilus 
captured differed significantly according to habitat type 
(sexes combined: F,y4,35) = 9.09, P<0.001). Males and females 
considered separately, also showed significant differences 
(Taless@E cnisa = 0-95, P<02001. temales: Figa se =0 0-3, 
P<0.005) among habitats. Student-Newman-Keuls (SNK) tests 
were performed upon these data to determine where the 
differences occurred. For sexes combined (Table 21) and for 
males (Table 22) tested separately, captures in Habitats II 
and III differed significantly from those of Habitats I, IV 
and V. When the females are considered alone, Habitats II 
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Figure 5. Catch per 100 trap-nights of small mammals in the 
five habitat types, 1979. Sexes combined. (N) = 
Sample size. Abbreviations for small mammals: 


Clethrionomys rutilus 
Lemmus sibricus 
Microtus pennsylvanicus 
Phenacomys intermedius 
Synaptomys borealis 
Sorex cinereus 

Sorex obscurus 
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Figure 6. Catch per 100 trap-nights of small mammals in the 
five habitat types, 1980. Sexes combined. (N) = 
sample size. Abbreviations for small mammals: 

Same as Figure 5 plus: 


M.1. = Microtus longicaudus 
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and lV ebutenotersomsHabitat V (Table gave 

Since the fall sample is composed of animals of 
different ages, each age class was separately analyzed by 
i-way ANOVA to determine whether the mean number captured 
differed significantly according to habitat type. The sample 
of overwintered (OW) animals was small, and perhaps as a 
result, revealed no significant differences (F.4 35) = 
2.55). The sample size was also quite small for age class 
III; however, a Significant difference at the P<0.05 level 
was noted (F:4,35) = 3.52). The subsequent SNK test (Table 
21) revealed that Habitat III was significantly different 
from Habitat I with respect to mean trapline captures, but 
Was NOt different from Habitats 11-7 1V, andy. 

For age class II, significant differences among 
habitats appeared for sexes combined (F.4,3s) = 5.66, 
0.005<P<0.001), and for each sex separately (male: F.y4 3s) = 
32698) P<O¥025- shemale? Fag 0565 = 92507) P<0201)2 Means were 
then compared by way of SNK tests which revealed that with 
the sexes combined there were two homogeneous groups (Table 
21). Mean captures in Habitats II and III were significantly 
Gpeatep thanesthose in Habitats 1 and lVemhor malesealone, 
Habitarve [leands! | iehad 5 ni tesa: more captures than 
Habitat IV, but not Habitats I or V (Table 22). With regard 
to females alone, Habitat II differed significantly from 
Habitats I and IV, but not from Habitats III and V (Table 
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When age classes II and III were combined, significant 
differences among habitats appeared for sexes combined 
\EiCnis che = 2k 5670. 005<P<05001) jRandsfor eachisex: separately 
(male: SFinesege=ec0,nP<0.01% female:tFyaas ete ees 67; 
P<0.025). When the means were compared by way of SNK tests, 
Habitats II and III were significantly different from 
Habitats I and IV, but not from Habitat V with the sexes 
combined (Table 21) and for males alone (Table 22). For 
females alone, (Table 23) mean captures in Habitat II were 
Significantly greater than those in Habitats I and IV. 


For age class I, Significant differences among habitats 


appeared for sexes combined (F,4.35) = 3.31, P<0.025) and 
for females alone (F,4 35) = 2.84, P<0.05) but not for males 
alone (Fog 35) =1.94). 


The fall trapline captures were then subjected to a 
2-way ANOVA (Appendix 4) which showed a highly significant 
difference between habitats in numbers of small mammals 
captured (P<0.001), but no significant difference between 
sexes. An SNK test (Table 24) conducted on these data 
revealed that for both sexes the greatest numbers were 
Captureduein Habitatselliand@ itl, with Habitatsmi sandaly 
yielding the smallest number of C. rutilus in the fall and 


Habitat V intermediate. 
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SEX RATIOS 

Sex ratios were examined by means of the G-statistic, 
corrected for continuity (Sokal and Rohlf, 1981) to check 
for differences among habitats and years. In those animals 
captured in the spring, there were no significant deviations 
from 1:1 in any of the three years when captures from all 
habitats were combined (Appendix 5). The only habitat in 
which the sex ratio deviated from 1:1 was Habitat V in 1979, 
where significantly more males (N=9) than females (N=0) were 
Geughtu Geo. oc meiEGet . eP<Os005)r 

Although the proportion of males varied among habitats 
and over the years, the pooled values were constant among 
phesthree  springusamples: 0s59ein 919797 0557 in 1980 -and 
0.58-in 1981 (Appendix 6). 

Owing to the small size of the sample (N=15) caught in 
Summer, 1979, no analyses could be done. In the 1980 
Summer-caught sample there were no significant deviations 
from the 1:1 sex ratio in any habitat or age class (Appendix 
7, G-tests for Replicated Goodness of Fit). The proportion 
of summer-caught males in the overwintered category (56%) 
was not significantly different from the proportion captured 
Die thew SspLing AoA) soretall (52%) of the same year, which 
indicates that there was no differential mortality between 
the sexes, at least in 1980. 

Age class II and age class III C. rutilus deviated 
Significantly £mom the Welesex tacio (Table veo) mingboth che 
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than females of age class II were caught in 1980 (Gp = 
SUS BE-O2G0S eebiitenctlin 197Ss(Gpe=e2eSOuIN=S ee this 
Situation was reversed in age class III in which more 
Females iwerescangieriim!979> (Gpueey 7 2rd) buteno can 
USGOm(Goe= 3262- Nese): 

The reason for this reversal in sex ratios is probably 
a sex-related difference in rate of development of the 
second upper molar (M?) (Dickinson, 1976). Dickinson (1976) 
suggested that female C. rutiJus may have a more rapid rate 
of M? growth than males before closure of the anterior 
groove, or the M’* closure may take place at an earlier age 
in males than females, or the males may have the same rate 
of growth as the females, but a greater rate of attrition. 
To check for equality of sexes in all early-born young, age 
classes II and III were combined. In 1979 there was no 
depanture “Eromemiizc, but ain = 1980, Gthere was) Stila 
marginally significant excess of males (Gp = 3.88, P=0.05). 

Analysis of sex ratios across habitats revealed that 
only Habitat III showed a significant excess of males (of 
agemeclass ti) tim 1979=(Ge= 63407 17d22o,, P<0.025) (Table 
25.) 

Although not sigmimieene (e =eO 325-0 “197960 -eGe =80.735 
in 1980-81), the proportion of males in spring was higher 
than the proportion of males of all age classes in September 
of the preceding year. Those animals born late in the summer 
(age class I) form the bulk of the winter population 


(Fuller, 1977b). When the proportion of OW males caught in 
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the spring was compared with the proportion of age class I 
males of the previous fall, no significant differences were 
noted (G = 0.05 for 1979-80: G = 2.45 for 1980-81). 
Similarly, when age classes II and III were combined, the 
proportion of males did not change from fall to spring (G = 
Dee oelOn ITIL (Gael. 04s for 1990261 )e) Thrstampolrest thar 
regardless of age class the proportion of males in the 
population remained relatively constant from fall to spring. 
The real significance of these findings, however, is that 
there was no differential mortality between the sexes among 
the seasons. Mature males did not undergo greater losses, as 
was observed in C/ethrionomys rufocanus by Kalela (1971). 

There was a tendency for the proportion of males in 
Habitat II to increase from the fall to the spring of the 
following year. No other habitat showed this trend over the 
two winters; however, the crude proportion of males 
increased in all habitats except Habitat V during the winter 
SEPUSchso ke 

Sex ratios were then determined for those C. rutilus 
removed from the live-trap lines in 1980 and similar results 
were observed (Appendix 8). Age classes I and IV (OW) showed 
no significant deviation from the expected 1:1 sex ratio, 
butfage classes ililand 111 did. Age class IF showed a 
Significant bias in favour of males (Gp = 8.64, lod-f., 
P<0.005), whereas females were more numerous in age class 
PROS (Coto 2 U9 ee ed. be P-0 7005) When both age tclasses 


were combined to check for equality of sexes in all 
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early-born young, no significant deviation was observed (G = 
ORS Fe Cech ar aN oo ea): 

THe propor E.On or males captured inmmthe LaldsoOLe1o00 
did not differ significantly between areas snap-trapped and 
those live-trap areas censused with snap-traps, in any age 
class or habitat. Since no significant differences were 
noted between the two kinds of trapping in 1980, the results 
were pooled and compared with the proportion of males 
captured in 1979. Again, no significant differences were 


noted in any age class or among habitats. 


AGE STRUCTURE 

To determine if the proportion of age classes of C. 
rutilus differed among the habitats, ages of all animals 
were determined and analyses were performed upon these data. 

As would be expected, only overwintered (OW) animals 
were captured in the spring trapping periods (with one 
exception - a young male captured in Habitat IV in 1979, at 
the end of the spring trapping session), and young of the 
year individuals dominated the fall captures. 

Certain trends opmecnntas the age structure of C. 
rutilus were revealed when the supplementary trapline data 
were analyzed. Overwintered animals declined through the 
summer from their peak in the spring (Fig. 7). The majority 
(88%) of captures in June consisted of OW animals; however, 


none were captured in August of either 1979 or 1980. No age 
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Figure 7. Proportion of age classes of C. rutilus captured 
on the supplemental traplines. Years and sexes 


combined. 
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class I individuals were captured in May and two (12%) were 
captured in June. The peak (44%) abundance of individuals of 
age class I was in July, with August seeing a slight decline 
to 32%. Fewer animals were breeding in August, and 
consequently fewer age class I individuals were present in 
the population. Age class II animals first appeared in July 
but in relatively low abundance (13%) because members of 
this age group were members of first seasonal litters. The 
numbers of individuals of this age class peaked in August 
(61%) mainly because age class I animals from July had 
attained age class II in August. Age class III C. rutilus 
were rare and present only in August (7%) and September 
ono 

When the total numbers of C. rutilus (sexes combined) 
over all habitats in the falls of 1979 and 1980 are compared 
by age class, some differences emerge. The proportion of age 
class I animals decreased significantly (55% to 34%; P = 9.4 
Mes SMbisher Sebxact Test)» frome (979Mtor 1980" (Table: 26) > 
while the proportion of age class II individuals increased 
Sign eticantlye(s2.etoueon? P=) 9.8 ex 105") eNOsdieterence in 
Proporcione (P= \Us23)ewas noted@ineage class PM animals 
between years (9% to 10%); nouecers when age classes II and 
III were combined the proportion increased significantly 
(A27MtC 58%-)Pe="0,0000) from 1979+toe1080. Pinally, sage 
class IV, the overwintered individuals, showed a significant 
increase in proportion, (P = 0705)lover the two years-= Taken 


together, these findings suggest that the mean age was older 
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Neo 80ethany ine1979% nthe casesoruOW animals, survival 
may have been better in 1980 than in 1979, and in the case 
of young of the year, the older average age may have 
resulted from the earlier onset of breeding. 

To see if habitat had any effect on age structure, fall 
Capture data were compared among habitats by G-tests of 
independence. The proportion of age class I animals was 
Significantly greater in 1979 in Habitats D1 (G = 18.21, 
P<05005)) el lle (GCG =94746, 3P<0205) land Vv (G = 4247-0. 05) 
than in 1980 (Table 27). The proportion of age class I 
animals was also greater in Habitats I and IV in 1979, but 
not significantly so. A high proportion of age class I 
individuals in the fall population is consistent with late 
onset of breeding. It could also indicate that the survival 
of late cohort (age class I) animals was high, especially in 
Habutatseii; Illifvand V..The proportion) ofvagerclassi i! 
individuals was significantly greater in Habitat II (G = 
8.38, P<0.005) in 1980 than in 1979, but not in any other 
habitat. This could indicate that survival to age II of age 
class I animals was better in Habitat II than in other 
habitats. A Similar situation was found when age class II 
and III were combined (G = 14.36, P<0,005). *Thise probably 
stems from the earlier onset of breeding in 1980 which 
allowed a greater proportion of the population to attain age 
class II or III by the time of fall sampling. The proportion 
OfeOW animals didenot differ Significantly between years sor 


among habitats; however, most of the few OW animals 
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collected insthe fall came from Habitat HI (51% of ‘the total 
ine O79" "and 43%ein 19600 

The proportion of mature to immature age class II 
animals (sexes combined) over all habitats did not differ 
Significantly between years (P = 0.11, Fisher's Exact Test), 
and thus the increased density of animals in 1980 did not 


inhibit maturation of age class II animals. 


BIOMASS 

Since 79.9% of the total spring biomass and 84.4% of 
the total fall biomass was attributable to C. rutilJus, the 
biomass of that species was analyzed to see if certain 
habitats supported more biomass than others. This meaSure 15 
of course related to the number of animals present in a 
given area. If there are more animals in a given habitat 
then the biomass will undoubtedly be greater in that area. 

SPRING: 

Thevamount of biomass of Cs multi luS removed trom the 
five habitats over the three spring trapping sessions was 
not significantly different from habitat to habitat 
(Brame Sie OP 0 0, ee ANOVA), or from year to year 
(ee oe Oe Appendix eo Re ThiieemectlGicmaclated 
touthemtach that the spring mumbers of Cy rutifusedid not 
differ significantly among the three trapping sessions 
(hance 091, NeS..'2-way ANOVA) .or among: the habitats 


(Fig 45) = 1250; Nes): 
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Even though biomass did not differ significantly among 
the habitats, certain trends were noted. Mean biomass for 
the combined spring captures was greatest in Habitats II and 
III, least in Habitat I and intermediate in Habitats IV and 
Va CEC) owen) es 

FALL: 


In the fall sample, biomass differed significantly 


among the habitats with sexes combined (F.4 75) = 13.53, 
P<0.001) and with sexes separate (male: F.4 35) = 6.59, 
P<0.001; female: Fcx,35) = 7.08, P<0.001; i-way ANOVA). 


Student-Newman-Keuls tests conducted on these data (Table 
28) revealed that Habitats II and III were significantly 
different from Habitats I, IV and V for sexes combined and 
for males, and different from only Habitat I and IV for 
females. Assuming that habitats that support the greatest 
biomass of a species are superior habitats for that species, 
then Habitats II and III are superior to Habitats I and IV, 
and probably also to Habitat V. 

A 3-way ANOVA (Appendix 10) confirmed that the fall 
biomass of C. rutilus differed significantly between years 
(Pipe =e 0G P0001) wand among habitats (Eh G@iy.on = 
16 cclce P< 0 CON im butenot Betiaen sexes: (Ria eo =U. bi, 
N.S.). No significant difference was noted in any 2-way 
interaction, but a significant difference was observed in 
the second-order interaction of all three factors (F.4,60) = 


15862 75P-02001)- 
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Figure 8. Mean spring (1979, 1980 and 1981 combined) and 
fall (1979 and 1980 combined) biomass per trapline 
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The rank order of habitats, from highest biomass yield 
eOvlowest; an the fall sample “was*simi lar "to that invthe 
Spring. Habitats II and III yielded the greatest biomass, 
Habitats I and IV the least, with Habitat V being 


intermediate (Fig. 8). 


BODY WEIGHT AND LENGTH 

Differences in body weights and lengths imply 
differences in animal quality; any size differences that 
Occur May, in turn, result from differences in quality of 
habitats (Sheppard, 1972). Therefore, the body weights and 
lengths of the C. rutilus captured were analyzed to see if 
indeed animals were heavier and/or longer in any particular 


habitat. 


BODY WEIGHTS 

SPRING: 

Spring body weights were compared by analysis of 
covariance, with date of capture as the covariate. Sex and 
year of trapping were analyzed separately and no significant 
differences in weight were pound among habitats (Appendix 
ave. 

FALL: 

Fall body weights were compared by means of 2-way 
ANOVAS. For this series of tests the sexes were separated 


and the body weights of sexually mature (26.4% of age class 
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II and 100.0% of age class III males; 25.0% of age class II 
and 100.0% of age class III females) and sexually immature 
(J2.04.0f agerclass 11 males, and 75.0% of age clase 11 
females) individuals were analyzed in relationship to 
habitat type. As would be expected, there was a highly 
Significant difference in mean body weight between mature 
and immature individuals (males; F,,. 116) = 17.04, P<0.001; 
females: Fraie7) = 156.71, P<02001) of both sexes, with 
mature animals being heavier. There were, however, no 
Significant differences among habitats or in the interaction 
of the two (Appendices 12 and 13). 

The fall sample was treated as though composed of an 
early cohort (age classes II and III) and a late cohort (age 
class I). For the late cohort, there were no significant 
differences in body weights among habitats or between sexes 
(Appendix 14). This is not entirely surprising because the 
animals involved were all less than 30 days of age, and thus 
had little time in which to respond to possible differences 
in quality of habitat. Significant differences in mean body 


weights of the two sexes were noted in mature early cohort 


modtviduals (Pigs, e) = 79.33, P<0.001),, bueinor among 
Habitats WPos weet nl oy N-o.)) OF INsthe interaction ot eiie 
EW Om Haag. = MO ShmnN G0) se Pemla ComOlM_Eiecemagemctacsces 


were consistently heavier than the males in every habitat 
(Fig. 9). Immature early cohort animals showed no 
Significant differences in mean body weights (Fig. 10) 


between sexes (F.;,125) = 1-42, N.S.) or among habitats 
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Figure 9. Mean body weights + standard error (S.E.) and 


range of mature C. rutilus (early cohort) from the 
1979 and 1980 fall trapping sessions. (N) = sample 
size. 
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Figure 10. Mean body weights + standard error (S.E.) and 
range of immature C. rutilus (early cohort) from 
the 1979 and 1980 fall trapping sessions. (N) = 


Sample size. 
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No evidence that quality of animal, as reflected in 
body weight, was influenced by differences in habitats was 
observed for late cohort (Fig. 11) individuals or immature 


(Pig. 10) or mature (Fig. 9) early cohort animals. 


BODY LENGTHS 

SPRING: 

Spring body lengths (total length - tail length) were 
compared by analysis of covariance, with date of capture as 
the covariate. Since males did not differ significantly from 
females, either among habitats or between years (F,(;,113) = 
Goi2, N.S. at. these = 0.05 level, 2-way —ANOVA.with 
replication) sexes were combined in the analyses. Years of 
trapping were analyzed separately in the ANCOVA (Appendix 
15) and significant differences in body length were found 
among habitats « (979%° Foy wan = 20647, P0001. 21980: 
Fiat aoe oOo ne P= 0 200 bea OG 1s Fh gues = 344000 00s 
Although the habitats did not separate out into groups when 
an SNK test was performed upon the 1979 data, animals from 
Habitats 1, LL and ib) in 1980, anaemia Dante tG aici Geri lin 
1981 (Table 29) were significantly longer than animals from 
the remaining habitats. Thus, habitat may influence the 
quality of spring-caught animals, as reflected in. body 


length. 
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Figure 11. Mean body weights + standard error (S.E.) and 
range of age class I C. rutilus (late cohort) 
from the 1979 and 1980 fall trapping sessions. 


(N) = sample size. 
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FALLS 

The body lengths of late cohort C. rutilus were 
compared by means of two 2-way ANOVAS and no significant 
differences were noted among habitats (Fi.4,:90) = 0.60, 
N.S.) or between sexes (F,(;,190) = 0.63, N.S.) when the two 
years of trapping were combined, or among habitats (F.4, 190) 
=807.57,0N.S.) mor betweensyears (Fiayqeon = 10% 96,eN-Se) awhen 
the sexes were combined. No one habitat, therefore, produced 
Significantly longer age class I animals of either sex in 
either year (Table 30). 

When the body lengths of mature and immature early 
cohort animals were compared, the results were consistent 
with those found in the analysis of body weights within the 
Same age classes. A highly significant difference in mean 
body length between mature and immature individuals was 
found in bothv sexes (males: Fy qo 747) = 7.91, 2<0.01- 
females: F.;, ss) = 128.12, P<0.001). However, there was no 
Significant difference among habitats or in the interaction 
of the two (Appendices 16 and 17). 

As with body weights, significant differences between 
the sexes were noted in mean body length for mature early 
cohort individuals (F,; 75) = 63.02, P<0.001, 2-way ANOVA 
with replication), but notsamonguhabitatse (Pia 7235. = 0.53; 
N.S.). The females of that cohort were consistently longer 
than the males in every habitat (Table 31). Immature early 
cohort animals showed no significant differences in mean 


body length (Table 31) among habitats (F (4,127) = 0.55, 
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NAS) Sor Cbetweenusexes (F7, F255 Ganer7 2yeN. Se) 
Thus, no evidence was found that habitat influenced the 


quality of fall-caught animals, as reflected by body length. 


CONDITION 

Body length and weight data were incorporated into a 
Statisticicalledgar" condition Factor™ (K)@in aneattempt ito 
test for the influence habitat has on quality of animal. "In 
any material body in which, with increasing size, the linear 
proportions remain constant, weight (if density remains 
constant) and any bodily linear dimension are related" 
(Weatherley, 1972). A plot of log weight (W) in grams 
against log length (L) in mm yields a straight line of 


Slope m: 


Hence: 


The conditon factor is defined as observed weight (W) 
divided by predicted weight (L™ ). For C. gapperi caught at 
Heart Lake, N.W.T. (Fuller, personal communication) and for 
Gaarutilusecaught inuthis study atvalue oftme=- 0 /66syrelds a 


mean value of about 1 for K in overwintered animals caught 
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in May. If observed weight is greater than predicted weight, 
Kaw) Pieber= 1 eitmrtriseless,ethen Kawi bimbea< 1.0 Untecs 
periods of growth in length coincide with periods of growth 
inewerghnt ;ekhewillle flnetuate during theslife of an animal, 
and perhaps seasonally. 

Because mean body weights did not vary among habitats 
whereas mean body lengths did (in spring data), there must 
be differences in mean K, and it is possible that any such 
differences will be related to habitat quality. Caution must 
be observed in this relationship, however, because even 
among the members of one population sampled on a single 
date, there may be considerable variation in condition for 
any particular length and also a change in condition with 
length (Weatherley, 1972). 

The fall 1979 and 1980 condition factors for each age 
group were compared by means of 2-way ANOVA with 


replication. No significant differences were found in late 


cohort animals among habitats (males: F (4,88) = 0.67; 
females: F.y4,90) = 0.87), or between years (males: F.(1 88) = 
Oruoe a temalies* or 7, so) = 2246)" (Table 32). Similartyeno 


Significant differences were found in early cohort males 
among habitats (F(4 116) = 0.90); however, mature animals 
were in significantly better condition than immature ones 
Cree i eo cee 06 00N)e (Pablet Ss). 

Mature early cohort females were in significantly 
better condition than immatures in both years (F.(;,87) = 


139.87, P<0.001, 2-way ANOVA) (Appendix 18). A strong 
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separation in mean condition factor values between mature 
and immature animals was noted in all habitats (Table 34). A 
Single marginal difference was also noted among habitats - 
mature females in Habitat III were found to be in better 
condition than those in Habitat IV (Table 35). 

In summary then, the results of these analyses 
demonstrated that there was little evidence that differences 
in habitats influenced quality of animal. Although the 
condition, aS meaSured by K, of mature early cohort females 
did differ significantly between Habitats III and IV at the 
alpha = 0.05 level, no habitat difference was found among 
immatures of either age or sex, or among mature males. In 
both sexes mature individuals had higher K values than 


immatures. 


REPRODUCTION 
FEMALES 

ONSET OF BREEDING 

The C. rutilus captured in spring revealed general 
trends in breeding phenology. Although females were not 
captured in every habitat every year, it appeared from 
backdating pregnancies that most conceptions took place in 
the first half of May. Breeding commenced subnivally in the 
spring each year because pregnant females were captured 
while some parts of the study area still had 80% snow cover. 
This observation is similar to that of West (1979) close to 


Fairbanks, Alaska (64° 15'N, 147° 43'W) in which breeding 
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began subnivally in the spring with no evidence of midwinter 
breeding. I detected no difference in date of onset of 
breeding among habitats, in spite of differences in snow 
conditions (Table 36). 

Of the 51 C. rutilus females captured in the pooled 
spring trapping sessions, 43 or 84.3% were either pregnant 
or had placental scars, indicating that they had just given 
birth to a litter. Two individuals possessed both embryos 
and placental scars, but were caught in mid-June 1979 in 
those habitats (III and IV) that were the last to be 
trapped. 

AGE AT MATURITY 

Forty-two female C. rutiJus were captured during the 
Summer and the proportion of the various age classes that 
matured were as expected (Burns, 1980; Dickinson, 1976). One 
hundred percent (N = 17) of the OW females captured were 
mature as judged by the presence of either embryos or 
placental scars. Those caught in June had either embryos or 
one set of placental scars, not both, but those captured 
Subsequent to that had either embryos and scars present in 
the uterus or had two sets of scars. Most (8) of the age 
class II and III (N = 10) were mature. They first appeared 
on 18 July with either embryos or one set of placental 
Scars. 

One-third of age class I females (N = 15) matured in 
the summer of their birth. Those that did mature were 


members of the first litters of the OW animals and were all 
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captured in a narrow window (14 - 19 July). 

Since the breeding season had all but ended by the time 
the fall trapping campaign commenced, very few pregnant 
females were captured. Placental scars, indicating past 
reproductive activity, were present in all of the OW (N = 
(5) Pandwagemclass itr females (N®=934)), 25% cof) age "class un! 
females (N = 64) and none of the age class I individuals (N 
= 102). Since maturity was an "all or none" phenomenon in 3 
of 4 age classes, only age class II could vary among 
habitats. No significant difference was found, however, 
among the habitats in the proportion of age class II females 
that matured, indicating that the proportion mature was 
independent of habitat type. 

NUMBER OF LITTERS PER FEMALE 

With the age classes in fall samples from habitat 
trapping combined there was no significant inter-year 
Gurptenence Gt; com 0. 14, NeSo)Giny thesnumber vol Wittens 
produced (2-way ANOVA). Therefore, the data for both years 
were pooled in a 2-way ANOVA (Appendix 19) and no 
Significant difference in number of litters was revealed 
among age classes (F.2,1,) = 2.81) or habitats (Fc4,i4) = 
Raison 

When samples removed from live-trap lines in September 
1980 were combined with samples from habitat trapping, 79.2% 
(N = 19) of the OW C. rutilus females that had survived to 
September had given birth to at least two litters, (two sets 


of recognizable scars or pregnant with one set of scars) 
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(Table 37). The reverse trend was observed in age class II, 
in which 27.3% of the mature females (N = 22) had had two 
litters, while most: (72.7%) had had only one. in age class 
fil females, 52.6%) (N*=t 57) had had two litters. whereas 
47.4% had had one. Only one female was thought to have had 
more than two litters in the course of the study. This was 
an OW individual captured in Habitat III in the fall of 
I280F) but: thecthirdosetvols placental’ scars: wasiso: faint™ that 
an accurate count could not be made. Dickinson (1976) and 
Fuller (1969) also found that one or two litters were 
normal, three exceptional. 

BOP Ene ose 

The mean number of young per litter did not differ 
Significantly among habitats in the total spring trapping 
effort (Fc4,43) = 0.67, 1-way ANOVA, Table 38). The mean 
number of young per litter in the spring (mean = 4.28, N = 
45) was significantly less than the mean number in the last 
litter of the three mature age classes in the fall (mean = 
Se 55a N «= in 1) ee =2 oO. 38eeP<0001)% 

The size of the last litter was compared across 
habitats by means of a i-way ANOVA, and of the three mature 
age classes only the mean litter size of age class III 
showedwany Signifrcantsdifference (Pq sey = 2.57), P<0.05). 
An SNK test performed upon these data revealed that litters 
from Habitat IV were significantly larger than those from 


Habatatol: (Table39)< 
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As expected (Dickinson, 1976; Stenseth et a/]., 1980), 
the older, heavier, overwintered females gave birth to 
SLonitrcantlyslargeralitters (meane=mG ton) O;du— Ne=eco)) 
Chansthe younger; lightervage class 11 (mean = 5.786 2 0.43, 
N = 26) and III (mean = 6.26 + 0.28, N = 60) females 
(tetests: (OW versus@liy it = 95.03;eP<07001» OWiversus T11, t 
=93.94, P<0.001)). The mean litter size of age class 11 did 
NOGldIfieresiqnimicantly tromithar ofeage -classilit (ies 
ietoy, NeS.)t Age class Il and Dllccombined shad smaller 
litters than OW females (t = 4.46, P<0.001). 

In those females that had two litters during the 
breeding season (Table 40), the second litter was usually 
larger than the first; however, it was not significantly 
different at the P = 0.05 level (OW: t = 0.29; age class 
Riisee Sa0 4 agese bass llaet -="0.44) -eA rduificultytarises 
in this analysis, however, as the number of placental scars 
for the earlier litters may not be clearly visible, and 
hence an inaccurate count may be obtained, which errs in the 
direction of a smaller number of young per litter 
(Dickinson, 1976). For the purposes of this study, the 
number of young per litter was assumed equal to the number 
of placental scars seen. 

Thesmean size or the first Llitterrdid not dziter 
significantly among the three age classes (F(2,5s2) = 1.93, 
NoS., toway ANOVA). Significant differences, however, were 
noted in the mean size of the second litter (F.2.5s7) = 7.37, 


P<0.005) with the OW females producing larger second litters 
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(mean = 8.58, N = 20) than either age class II (mean = 6.00, 
Ne=)6)Gorlagelelassriilip4mean®= 60337 eNassoc Mtemalest.No 
Significant differences in litter size were found between 
age classes II and III (SNK test). 

The average output of embryos per female for the 
combined fall sample was calculated (Table 41) and the 
LOcalSi did not diifervsignificantiy from habitat tovhabrtar 
(chi? = 91.075) 4)d.f£2). Bven though the reproductive output 
varied among age classes, the average output of embryos per 
female of all age classes, differed little among habitats. 
The total weighted average output of embryos is higher in 
Habitat IV than in other habitats due to the proportion of 
age class III and OW females in this habitat. Therefore, 
fewer females produced larger litters in this habitat type, 
as has been discussed for the last litter. An estimate of 
the total reproductive output per habitat can be calculated 
by multiplying the number of mature females of different age 
classes by the mean number of litters/100 trap nights and 
meant? tter size aeNorsigqniticant,ditierencestchi@a=P2.207 
chi? test) was noted among the five habitats when the number 
of young/100 trap nights was compared; however, the greatest 
reproductive output was in Habitats II and III (8.65 and 
6.99 young/100 trap nights respectively), with Habitat I 
possessing the feast (2357): ! Habitats TV-(5-75)and Vv" (6735) 
were intermediate. 


LENGTH OF BREEDING SEASON 
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According to Dickinson (1976), the frequency of litters 
1S in part related to the onset of the breeding season. 
Breeding commenced during the first two weeks of May in both 
1979 and 1980, and ended at the end of August - beginning of 
september 'for a tota lbebreeding season s(finstato last 
conception) of 120 and 115 days for 1979 and 1980 
respectively. The length of the breeding season observed by 
West (1979) in Alaska (64° 51'N) was very similar to that 
found in this study, in that C. rutilus breeding began in 
early May and ceased in early to mid-September. Martell 
(1975) found a breeding season for C. rutiJus lasting 119 
days at a latitude of 69°N, which is similar to the breeding 


Season lengths found in this study. 


MALES 
Every OW male captured in the spring was mature (Table 
42). Fifty percent of the age class I males captured (N = 
24) during the summer months of June, July and August were 
mature. All were caught in July. Young males caught in June 
(first appearance 26 June) had not had time to mature, and 
Nomi ndEvyi cual -ofsage.c lass 1 in August was mature. Most 
(72.0%) age class II and III males captured (N = 25) were 
mature. Although age class II animals should have been in 
the population in late June, their first appearance in 
sanplesuwaseone|/ July. All OW males captured duringethe 


summer trapping period were sexually mature. 
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Few (N = 14) males still in breeding condition were 
found in the September samples, but males with regressing 
testes and accessory glands still obvious were taken. Only 
1.4% of 139 age class I males in the fall sample had 
matured. All OW and age class III males had matured and 
34.0% of 198 age class II males were found to have been 
mature. The proportion of mature males, in age class II, 
duecenvedtsigniegcantly amongshabitatsa(Goe= 10.12 45P<0.05). 
There was a significantly greater proportion of mature males 
invagetelascelleinyHabttats 1) (Gi=65.635) P<0 405) and 11 ma(G 
=o 68, 2-0; C05)@than in Habitatule Habitats LV ands Vawere 
NHOmpSsigniticantly dibterent, fromenabitats Teanga i. &. 

In general, the results obtained from the sample of 
males in the fall mirror those of the females. Individuals 
of both sexes that were still in age class I in September 
failed to mature (with the exception of 1.4% of the males). 
Most age class limindividuals also failed to mature, but 
males matured at a higher rate than females (33.8% versus 
20265) p*whichs1s contrany toumost reported xesuits fon ce 
PUG Use Kale lane 1957. Koshkinavandanorotkov, 91975), eA age 
class III and OW animals were sexually mature. 

The last scrotal male captured was on 15 September in 
1979Mand, 12>September in'1960, which! indicates) that the male 
breeding season ended at much the same time over the two 
years. Since all males were sexually mature and scrotal at 
the commencement of spring trapping in early May, the 


breeding season is approximately 4.5 months in length. 
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LIVE TRAPPING 

During the two years of study, 7050 trap nights yielded 
917 captures of 226 different C. rutilus, 1 Synaptomys 
borealis and 1 Microtus longicaudus. No animals marked in 
1979, the first year of trapping, were recaptured in 1980, 
probably because of the small number (50) marked in 1979, 
and a reduction of the number of transects trapped from 4 in 
I9¢SEro, 201neteso: 

Since a vegetation survey was conducted at each 
live-trap location, the habitat at each trap site could be 
determined. By recording the frequency of captures and 
comparing it with expected frequency, one could then 
determine which habitat types supported the greatest 
abundance of animals. The expected number of captures was 
determined by multiplying the total number of captures over 
all habitats by the percentage of traps in that particular 
habitat. The 517 captures were not distributed equally among 
the five habitats (G-test of independence, G = 90.64, 
P<0.001), which indicates a preference for certain habitats. 

Having found that the captures were not in proportion 
to what was expected among the habitats, pairwise 
comparisons using the G-test were conducted to determine 
which habitats were preferred by C. rutilus. Significantly 
more total captures were observed in Habitat III than 
Habitat II (G = 11.83, P<0.005) when the expected number of 
captures was compared with the observed number of captures. 


Habitats I and IV were not significantly different in the 
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expected number of captures from each other (G = 1.60), as 
were Habitats IV and V (G = 1.99). The number of captures in 
Habitat 2 did differ significantly from the number in 
HabiteatnVi(Ge=e5e5 19 8P-0.025)) which hadethe fewest 
captures. The apparent low abundance of C. rutilus in 
Habitat V may have been a result of insufficient trapping 
Gbbortss Only 22etrap Stations of amroralror e340. (6252) ewere 
located in Habitat V. The majority (65.7%) of the 
captures/100 trap nights were in Habitats II and III, with 
Habitat V the least (6.3%) and Habitats) 1 (13.5%) Jand 1V 
(14.5%) intermediate (Table 43). 

It was not possible to determine home ranges or 
densities of C. rutilus because of the design of the study. 
However, some indication of mobility was obtained. The 
greatest distance between captures for an individual was 
approximately 145 m (6 trap intervals). The majority (78.5%) 
of the marked voles were not recaptured more than one trap 
interval from the point of marking. 

Live caught animals were placed in weight classes 
rather than age classes. Class 1 individuals weighed <18.0 
g, and were probably mainly age class I. Class 2 individuals 
werghed? 18s) tor255 98g and were mainly members of age 
Glasses II and’ 1lII~ Those over 25.9 g »were placed in Class 3 
and were considered to be mainly OW. Early in the season no 
young of the year had attained 26.0 g in weight, but by 
August, some young in snap-trap samples had done so and it 


was no longer possible to recognize OW animals with complete 
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confidence. Class I animals began appearing in Habitats II 
ance PINduGiIngetiesthitdsrota (7 =) (0muuly)geandec lass a2 
individuals first made their appearance on the live-trap 
Fines inerObamtourmce |) = 24guly)., 

Class I mndividuals comprised 47.6% of the total catch 
and Class 2 animals 50.0% in the sixth and final 
levestrapping rota (N ="82). Of “avtotal “of 238 vanimals Jin 
the seventh rota (where snap-traps were used), only 28.6% 
had been previously marked. The remaining 71.4% was composed 
mainly of age class I and II animals that had previously 
evaded capture, or had only recently emigrated into the 
area, 

Sex ratios in the sample removed from live-trap lines 
were Similar to those from the index trapping of habitats. 
The proportion of males to females in age class I was not 
Significantly different from 1:1 (Gp = 0.86). Males exceeded 
females in age class II (Gp = 9.77, P<0.005) with almost 
twice as many males as females taken (Table 44). A highly 
Significant difference (Gp = 17.40, P<0.005) was noted in 
the sexeratio of age class Il], in which temales «greatly 
outnumbered males. When age classes II and III were 
combined, no significant Anedenenee from a 1:1 ratio (Gp = 
1.35, N.S.) existed. With these two age classes combined (N 
=/146) the proportion of males (55.0%) is similar to the 


proportion of males found in age class I (56.0%). 
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DISCUSSION 


CRITERIA FOR HABITAT PREFERENCE 

Habitat selection or preference by an animal by 
definition is "The choice of a type of place in which to 
live" (Partridge, 1978) and has been discussed by several 
authors where choice has been shown to be involved, with 
examples involving iguanid lizards (Sceloporus jarrowi; 
Simon, 1975), the great tit (Parus major; Royama, 1970), 
jaegers and owls (Pitelka, et a/., 1955), snowy owls (Nyctea 
scandiaca; Lein and Webber, 1979), several species of forest 
bardse (Alatalo, 198 ))— swild ruminants (Hudson, 11976: 1977) 
including the impala (Aepyceros melampus; Pettifer and 
Stumpe, 1961), ebobeats (Lynx russ: eMeCord). 1974), the red 
fox (Vulpes vulpes; Jones and Theberge, 1981) and numerous 
examples among small mammals (see Introduction). 

The criteria used by other authors to indicate whether 
small mammals select or prefer certain habitats are often 
sketchy. The criterion used by Douglass (1976) was the 
amount of time 2 species of Microtus spent in a given 
habitat. This measure, as well as the rate of travel in each 
habitat and the average penetration of individuals into 
different habitats, were considered by Wecker (1963) ina 
study of habitat selection by P. maniculatus. Although 


rarely stated, it appears that number of animals and their 
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presence in, sortabsence fromy ta egivenwhabitateare the 
criteria most authors use to quantify habitat selection. 

Since precisely defined guidelines for the 
determination of habitat preference by small mammals were 
lacking in the literature, certain criteria were devised in 
this study in an attempt to determine whether individuals of 
C. rutilus express habitat preference. These criteria 
included the relative number (catch per unit of effort) of 
animals within thesdiiferent habitats, and “several indices 
of animal quality - body weight, body length, condition 
factor and reproductive output. Under the null hypothesis 
that all habitat types support the same number and quality 
of individuals, there would be no advantage to selecting a 
particular habitat type. Habitat selection would be of value 
if different habitats support different densities of 
individuals, or individuals of different quality. 

It is a long held belief that if a small mammal species 
is found in an area or habitat in a greater abundance than 
in another area or habitat it is because that animal prefers 
the soptimal Saneawor habitat “(Pindley, 8195s Quast; 71954; 
Weecker~ 196S¢"Grant,. 1971+ Kirkland and Griftiny 1974; 
Douglass, 1976; Dueser and Shugart, 1978: Partridge, 1978). 
Animals can be forced into suboptimal habitats due to inter- 
Or intra-specific competition, or they can select habitats 
with few competitors. Intraspecific interaction associated 
With high density in one habitat could be a reason for 


animals to select other habitats where competition and 
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possibly even predators are absent, as was observed by Grant 
(1971) for M. pennsylvanicus. 

Studies concerning habitat preferences of other small 
mammal species revealed that small mammals prefer a variety 
of habitats for a variety of reasons. Morris (1955) and 
Richens (1974) concluded that dense ground cover, fallen 
trees, decaying logs, slash, heaved-out roots and stumps all 
contribute to high small mammal densities. Morris (1979) 
indicated that species density of small mammals in 
southwestern Ontario was significantly correlated with the 
depth of dead grasses, leaves and other debris on the soil 
surface. Mean foliage height diversity was correlated with 
Species density, whereas most measures of horizontal habitat 
heterogeneity were not good predictors of species numbers 
(Morris, 1979). 

The white-footed mouse, Peromyscus leucopus, occurred 
at sites with primarily deciduous canopy, low density of 
trees, high density of shrub-understory vegetation and low 
shrub evergreenness, in a Study in eastern Tennessee by 
Dueser and Shugart (1978). The association of P. Jeucopus 
with relatively high density of shrub-understory vegetation 
was reported by other authors (Klein, 1960; Getz, 1961; 
Smith and Speller, 1970; Myton, 1974; M'Closkey, 1975). The 
golden mouse, Ochrotomys nuttall]i, occurred at locations 
with dense ground cover and denser than average undergrowth 
and with primarily evergreen canopy (Dueser and Shugart, 


1978). 
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The woodland jumping mouse, Napaeozapus insignis, 
responded to a factor (s) other than the dominant vegetation 
(Kirkland and Griffin, 1974). Whitaker (1963) and Brower and 
Cade (1966) noted a positive response of N. insignis to 
ground cover which is generally lacking in well-shaded 
coniferous areas. Cover by wedgeleaf ceanothus (Ceanothus 
cuneatus (Hook.) Nutt.) was the preferred habitat of 
Peromyscus truei (Quast, 1954) and if ceanothus was absent, 
this species used rock habitats sheltered by live oak 
bushes, a habitat that more generally produced Peromyscus 
boylii. Quast (1954) also observed that the tulare kangaroo 
rat, Dipodomys heermanni tularensis (Merriam) was associated 
with bare or nearly bare soil and was not found in areas of 
tall grass or heavy grass litter. Its greatest abundance 
occurred on bare soil under the protective canopies of 
ceanothus bushes (Quast, 1954). Unlike D. heermanni, M. 
pennsylvanicus displayed a positive correlation between 
population density and amount of graminoid cover (Eadie, 
1953: Mossman, 1955; Zimmerman, 1965; Getz, 1966). 

The northern redbacked-vole, Clethrionomys rutilus 
(Pallas), occurs throughout the Eurasian taiga and the 
mainland tundra and taiga of northwestern North America. 
Taiga populations have been studied in Alaska (Pruitt, 1968; 
Whitheyy19/67)1990- aWest, 91979") 1982) 7 eNoruhwest 
Territories (Martell, 1975; Dickinson, 1976; Burns, 1980) 
and the Soviet Union (eg. Koshkina and Korotkov, 1975). The 


possibility exists that different demographic patterns hold 


AN 
‘Se weve? 0° ‘eben satin 
43 ®) irate ani vt Y Sa 


mweos a2ev ae Pe 
ipa - 2 r 4 
seo. evi ia 4 
7 - = 
z A Gadetern ¥ ‘oe fea sett 
Pisce ty ;4 pence 7 ~ = a = \ an bt 
ok , j 
r \ a 
52 (€6336 poe Ph Ge 


aeM "sv7A. AS tO Ps ie@o ets 794 Ay = BES Drees 
! yaee' <235nT9) gheoec A 4): hehe: abt Sars: aos 

‘gaunezo¥. . 1S pi waite a -T0e) 
LO8RF , ennai gave cages ke ei Teas 
i : Z 
| ft net oe re ate - . aad “ba ne 

ertam oF im eY LEB Tee 
nent ans Ta et ane 
7 a ¥ 


8 1 


for C. rutilus in northern and southern portions of its 
geographic range (West, 1982). The effect of varying 
environmental factors on C. rutilus, and the idea that 
intra-specific demographic features should vary in response 
to different environmental conditions, have been studied by 
some authors (Koshkina and Korotkov, 1975; Lidicker, 1978; 
Martell and Fuller, 1979). 

Two central Alaskan studies, near the center of the 
North American range of C. rutilus, Whitney (1976: 1977) and 
West (1979; 1982) shed light on habitat selection by C. 
rutilus. Clethrionomys rutilus has been called the 
"Peromyscus of the north" (Guthrie, 1965 in Whitney, 1976) 
because they live in a great variety of habitats: north- and 
SOuth-facang spriice associations: all types of birch; 
poplar, and alder associations; bogs and creek beds 
(Whitney, 1976). West (1979) referred to C. rutilus as a 
"habitat generalist" due to itsS occurrence in practically 
all (98.0%) of the sites he trapped, while Whitney (1976) 
considered C. rutilus to have "a broad niche". The results 
from my study agree with the earlier findings of Whitney 
(1976) and West (1979). Clethrionomys rutilus was the 
numerically dominant small mammal Species captured, and was 
present in every habitat type on the study area. 

Concerning the biology of C. rutilus, most authors (ie. 
Koshkina and Korotkoyv, 91975; Martelid , 71975: Whitney, (1976; 
West, 1979) agree that a typical year starts with a breeding 


population in late April or early May composed of 
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overwintered animals born mostly in the previous August. 
These voles produce up to three litters before breeding 
stops in late August early September. All of the first 
litter matures, a variable proportion of the second litter 
matures, and none of the third litter matures. Young of the 
firnstetwo Litters produce one or two litters, ‘but none of 
these second generation voles mature until the start of the 
next breeding season. 

Both Khlebnikov (1970) and Whitney (1976) observed 
subnivean breeding in the winter and early spring, which is 
contrary to this study and that of West (1979), where no 
evidence of winter breeding was observed. In their study of 
C. rutilus in Siberia, Koshkina and Korotkov (1975) 
maintained that the timing of spring reproduction and the 
rate of maturation of the spring cohort are correlated with 
the spring density of overwintered females. Low spring 
density of overwintered females resulted in early 
Reproduction and early maturation of the first cohort, 
whereas high spring density of overwintered females was 
followed by late onset of breeding and late maturation of 
the first cohort. Weak support was found for this hypothesis 
by Fuller 9(1979) Stor Canadian populations of Cy oappenl- 
West (1982) for Alaskan populations of C. rutijlus and in 
Biroesctudyeronmyukom populatlonc Ob WC. enuL iis. Nei ener she 
onset of spring reproduction nor the number of reproducing 
first generation females was related closely to spring 


density of overwintered females. All first generation 
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females matured quickly and bred. 

The C. ruti/us population studied by West (1982) 
followed an annual cycle of abundance in contrast to the 
multiannual pattern proposed by Pruitt (1968). Whitney 
(1976) also concluded that the population of C. rutijus he 
Studied near Fairbanks exhibited an annual cycle of 
abundance. West (1982) suggested that consistency is not 
found in peak fall densities, as Whitney (1976) concluded, 
but rather in the annual periods of low density 
characteristic of spring and early summer. This observation 
is consistent with that of this study where spring densities 
were Similar over three years. Thus, in central Alaska 
(West, 1982) and in south-central Yukon, C. rutilus 
undergoes a marked annual cycle with variable peak fall 
density. The determination of whether peak fall densities 
occur at intervals of 3 - 4 years, or at irregular intervals 
will require longer-term studies than the one conducted 


here. 


THE "IDEAL" HABITAT 

Habitat studies irene Clethrionomys spp. indicate 
Ghatethnerdistributiaonmot Ge sGapperigwasceclosely correlated 
with the presence of stumps, rotting logs and root systems 
in loose forest litter and sphagnum moss (Gunderson, 1959), 
depth of dead grass, leaves and other debris (Morris, 1979), 


and fallen trees and limbs, stumps, brush piles and boulders 
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(Miller and Getz, 1972). Kirkland and Griffin (1974) 
concluded that C. gapperi responded to factors other than 
dominant vegetation, and suggested water as the probable 
factor. Butsch (1954, in Gunderson, 1959) and Miller and 
Getz (1972; 1973) indicated that the local distribution of 
Clethrionomys appeared to be controlled by the availability 
of free water. Gunderson (1959), however, concluded that the 
availability of free water was not a limiting factor in 
Clethrionomys distribution in his study area (Cedar Creek 
Forest, Anoka County, Minnesota). Clethrionomys gapperi 
appeared to be more abundant in areas with greater debris 
cover owing to increased protection from predation. The 
amount of vegetative cover may also modify other 
environmental factors such as microclimate at the surface as 
well as soil moisture and temperature (Getz, 1970). Data 
concerning the importance of these factors in habitat 
preference are limited in the literature. 

Few studies have dealt with habitat preferences of C. 
rutilus. West (1979) discussed C. rutilus habitat responses 
to central Alaskan forest succession; Burns (1980) analyzed 
habitats of C. rutiJus on islands in the Mackenzie River and 
Martell (1975) studied the demography of tundra and taiga C. 
rutilus in the Northwest Territories, Canada. 

If the ideal habitat for small northern mammals were to 
be described on the basis of those characteristics found in 
the literature, it would consist of a mature forest (Iverson 


and Turner, 1973) with fallen trees and foliage cover (Dyke, 
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1971) and logs (Miller and Getz, 1972; 1973). There would be 
high density and diversity of shrubs (Iverson and Turner, 
1273; "Green, 1978) sand brush piles: fon protection trom 
predators and from the elements (Miller and Getz, 1972; 
1973; Green, 1978). Sufficient quantities of food would be 
present in the form of fruits, seeds, mushrooms and 
chlorophyllous material (Dyke, 1971; Vickery, 1979), 
overwintered berries (West, 1982) and thick moss for both 
consumption and bedding material (West, 1977). 

When the habitats in this study are compared with the 
"ideal" small mammal habitat and ranked in order of what 
should be the most appealing to small mammals, Habitats II 
and III were clearly the most similar to the "ideal". With 
regard to forest age, Habitats II and III were the oldest 
and most mature, with an age greater than 170 years. Much 
debris in the form of fallen logs, trees and branches was 
present in Habitats II and III; very little was in Habitat 
I, and varying amounts occurred in Habitats IV and V. 
Habitats I and IV however, possessed the highest shrub 
abundance (Table 11), (which is desirable from a C. gapperi 
peineeot view )(iveusonwand Turner, 1973;7"Green; 91978), 

FOOdsiSecentain. yor major importance in any 
consideration of growth (Krebs and DeLong, 1965; Batzli and 
Cole, 1979* Colesand Batzilli, 1979; yBatzli1 vand=Jungped2e0; 
Krohne, 1980) and with regard to the diet of Clethrionomys 
SQO and sGal rut iJUSsunepalticularpuasstudymote the ymajorefood 


items present within the habitat types reveals that 


be ‘oSenanel 
ae: ie a etinar ee 
apie feta seresg 198 : setts as ‘ac he 5 are 
eek peri 


Pe 


ive! pie? baa Suita i 
ot bre Ow bee? ory ag (Ais = gas 


iL.) apeen xe in giaeeee 4 


,\arer ayo’ ae). pis viet ‘wu 

i4od 463 een Aqiss Os 1 Pi ae @4'°71296 
inh, atv) reknelien tes Ta gt nde 

244 Gir OSes 822 sovece wine td 37% ian? 6& 
, 7 ti é EAS 279 

Logs ».40q, o3 PAs Ler ys ata sta od 

; team sgt (ii quo or , 


y D*. meals em) Hs (eee 
i = — | | Ss i 
t , we = a2) is) BR Aten q Si 
i] 
4 ane i = < yi aes i= zi eA 
7 
> 
7 -47 ¥EKn ip Seateo 24 
he) ai’ 3 Sle . 16! YY an 
aa +) S1@as) ‘ a 
s coy ee {: fas Fo > bu 7. 16t a, tain 4 


a ; 
v4 ae Pe) : i’ J ‘3 hie THe Te V ‘> ni 


vive wi exert pus. vet mit ”" dais 
ee ee eee won aden) aitwose 
_ 1008! <ceuh Be Ebotet get “hea ven 
| _ i aerial ak tl bp out aia 7” a imho! at) 


: A ae 
| a sagan siz 36: cinta er 7 _ ~ 
ee oot: : = : - _ bad 
vy) .: an 


_ 122 a 
ea 


a 


86 


preferred foods were present in varying amounts in all 
habitats. Availability and abundance of major food items are 
important in the selection or preference of habitats by 
small mammals (Gunderson, 1959; Zimmerman, 1965; Meserve, 
TOT Gat) Cb) Holbrook 2978+ Vicokeny 01979 sBatz lieand dung, 
1980) and large mammals (Petrides, 1975). 

Although analysis of stomach contents was not part of 
this study, Clethrionomys spp. are known to eat large 
quantities of a limited number of fruits as well as seeds, 
mushrooms, chlorophyllous material and arboreal lichens 
(Dyke, 1971; Vickery, 1979). Kalela (1957) found that the 
shoot tips and leaves of Betula, Empetrum nigrum, Vaccinium 
uliginosum and Vaccinium vitis-idaea, the green parts of 
CE@rnuSs sp. , FedicularniS sp.; Solidago sp.; Viola sp.,; 
Linnaeéa borealis, Rubus spp., Pyrola sp., and Petasites sp. 
were important summer food species for C. rufocanus. These 
genera plus other fruit- or seed-producing plants were 
present in varying amounts in the habitat types (see 
Vegetation Results). Habitat III had a great abundance of 
several of the fruit- or seed-producing genera, as did 
Habitat V (Tables 11 and 12), whereas the abundance was not 
as great in the remaining habitacs. 

Clethrionomys gapperi (Dyke, 1971) and C. rutilus 
(West, 1979) consume ground lichens only during winter and 
Spring; thus, those habitats with an abundance of lichens 
Gieseiabitats 1, fleand fll) may constitute Superior 


overwintering places. Berries that overwinter (ie. E. 
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nigrum, Arctostaphylos uva-ursi, Geocaulon Jividum, V. 

ul igonosum) are important food resources in the spring prior 
to the growth of new shoots and leaves and before the 
,current berry crop has matured (Dyke, 1971; West, 1979). 
According to West (1982), C. rutilus in central Alaska 
depend upon berries as food during winter. Fruit-bearing 
plants in central Alaska, and in this study, typically 


flower in June and July and produce berries in late summ 


wm 
rm 


and fall, resulting in a superabundance of food in the fall. 
Before this food resource can be exhausted by small mammals, 
birds and insects, it 1S covered by snow. It then becomes 
the exclusive property of small mammals because it is 
concealed from birds, insects become inactive, and 
decomposition is essentially halted at prevailing subnivean 
temperatures. Thus, fall berry production usually supplies a 
substantial food supply throughout winter and early spring. 

Concerning the species of overwintering berries found 
on the study area, Habitats I and IV appeared to have the 


cr 1 ~ -s 


greatest abundance with Habitat 
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(Tables 11 and 12). Even though Habitats 
possessed fewer berries than other habitats, the amount 
present may be sufficient to supply food during the winter 
to the small mammal population. It is possible that winter 
preference is different from summer preference and the 
animals move from habitat to habitat, but only summmer use 


waS measured in this study. 
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West (1979) suggested that moss consumption prior to 
growth of new summer vegetation was important to C. rutilus, 
butwwhether regis indicative ior Limited food availability in 
early summer or a matter of preference requires further 
investigation. If indeed moss is an essential component of 
the winter diet of C. rutilus then those habitats with an 
abundance of moss species would be superior to those lacking 
mosses. In addition to its value as food during winter, a 
sufficiently thick layer of moss may also be important as an 
area for escape from predators, and for conservation of 
energy and the extra insulation it provides under conditions 
of persistent cold (West, 1977). In my study area, however, 
all habitat types but Habitat I contained a substantial moss 
Payere (irom 48% 0to 63%; Table 13). 

With great consistency the greatest abundance of C. 
rutilus was found in Habitats II and III; the least 
abundance was recorded for Habitats I and IV, with Habitat V 
usually intermediate. The amount of C. rutiJus biomass 
removed from the various habitats mirrors the relative 
abundance of voles captured in those habitat types. Since 
more voles were captured in 1980, the biomass value was 
greater in that year than in 1979, 

Smallerodent distributions, particularly those of 
microtine rodents, have been shown to be closely related to 
the type and amount of vegetative cover (ie. Eadie, §1953; 
Mossman, 1955; Hodgson, 1972; Birney et a/., 1976). Habitats 


II and III consisted of the most mature, least disturbed 
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forest in my study area. Iverson and Turner (1973) found the 
greatest abundance of C. gapperi in mature forests. Habitat 
II however, had the lowest shrub diversity of any of the 
habitats, whichsisscontrary: to=thesfindings of-iverson and 
PMuunere(1973)ewhonfound that) areasawith»gqreaty shrub 
diversity hademorevvoles’ than those ef) less shrub diversity. 
They go on to say however, that it is not known what the 
importance of shrub diversity is to the animals. 

Miller and Getz (1972; 1973) concluded that the primary 
factor influencing the local distribution of C. gapperi was 
the amount of cover available in the form of fallen trees 
and logs, brush piles, and rocky areas. In a few places, 
cover from low conifer limbs may act in a similar manner 
(Miller and Getz, 1972). Protection from predation is 
assumed to be the primary reason for high abundance in sites 
with much cover (Miller and Getz, 1972). Habitat II consists 
of mature A. Jasiocarpa forest which is the oldest on the 
study area (>175 years) and consequently contains much 
fallen debris and many downed trees. Habitat I on the other 
hand, consists of very few downed trees and little debris as 
Mem isa COMpPOSeO On YOUnGuL.  CONLOrtauLLeeSaOrm esse than 75 
years or between 105 - 160 eae of age (Archibald and 
Russell, 1979). 

Green (1978) suggested that species composition and 
density of the shrub: understory, density of ground cover, 
accumulation of leaf litter and the presence of deadfall 


were important habitat components associated with high 
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numbers of C. gapperi. The shrub canopy in Habitats I and IV 
was composed primarily of Salix spp. and young A. Jasiocarpa 
which were associated with low numbers of C. rutilus. The 
presence of these shrub species and habitat factors 
associated with them may explain the low numbers of C. 
ruGilUSeinetheseitwouhabitacs. Simplarly,etheslack™otea 
substantial shrub understory (shrubs less than 2 m tall), as 
tnyHabrtat 1; ilimited littersaccumulation and the Pack ot 
deadfall in this habitat may also explain the low abundance 
of C. rutilus. Conversely, the presence of Betula, Empetrum, 
Ledum and Vaccinium vitis-idaea in addition to Abies and 
Salix in the shrub canopy may explain the relatively high 
abundance of voles found in Habitats II and III, and to a 
lesser extent in Habitat V. 

Habitat I was the driest habitat, which may cause it to 
be avoided by C. rutilus. Getz (1968) has shown that C. 
gapperi has a high water requirement because of a relatively 
inefficient kidney, and the same may be true of C. rutilus. 
If so, most C. ruti]lus would be expected to occur only in 
those habitats in which free water iS available, or where 
adequate water can be obtained in its food (Miller and Getz, 
1973: Gunderson, 1959). Although water availability was not 
measured during the study, standing water was observed 
throughout the summer in all habitats but Habitat I. Mosses 
were also observed to assist in retaining water after rains. 
Habitat I had very little moss (approximately 7% cover; 
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Snow cover could play an important role in explaining 
greater abundances of voles in areas of deep and prolonged 
snow cover (Formozov, 1946; Pruitt, 1957: Fuller, 1967; 
Whitney, 81976; 91977; West, 1982) Siineupland. sitesm scucheas 
Habitat II, the snow lasts longer in the spring than in any 
other habitat and thus could provide an extended period of 
protection from predators for the voles before the growth of 
new vegetation. If moisture and cover were limiting factors 
in preventing the establishment of voles in certain areas, 
one might expect the species to move into upland sites when 
snow waS present during the winter months. The snow could 
presumably be used as a direct source of moisture and would 
also afford protection from predation (Miller and Getz, 

NOW 20. 

Since C. rutilus appears to be a habitat generalist 
(West, 1979) and was the most abundant murid in all 
habitats, it would seem reasonable that competition with 
other species of small mammals is not a major factor in its 
habitat preference. In my study area, the only habitat in 
which interspecific competition may occur is Habitat V, 
where 17.6% of the fall catch consisted of M. 
pennsylvanicus, the second mee abundant murid. Microtus 
pennsylvanicus is a grassland species (Hodgson, 1972; Birney 
Cimaleni9/6+ West101979)* however; rt ghasebeen shown ro, be 
G@apable of livingsin forests (Cameron, 1364; Clough, 1964; 
Morris, 1969). Of all M. pennsylvanicus captured (N = 34), 


91.2% came from Habitats IV and V, perhaps because these 
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habitats had the greatest cover of grasses. The lack of 
Microtus in habitats lacking open grassy areas reinforces 
the view that in boreal forest, trophic specialization 
restricts the range of suitable habitat for Microtus (West, 
1979 )% 

The black spruce forest (Habitat V) was considered 
mature (Russell, personal communication) and as such, 
according to Iverson and Turner (1973), should have 
contained a high abundance of C. rutilus. Competition with 
M. pennsylvanicus (Cameron, 1964; Clough, 1964; Grant, 1970) 
or deficiencies in habitat quality could, quite possibly 
have prevented C. rutiJus from reaching and maintaining high 
numbers in Habitat V. 

Calhoun (1963) suggested that in a given habitat some 
species may be dominant over others and prevent them from 
entering traps until the dominant species has been removed. 
Few members of other small mammal species were captured 
Subsequent to the removal of C. rutilus from the area at 
every trap check, during the snap-trapping campaigns; 
therefore, it is unlikely that the presence of C. rutilus 
prevented other species from entering the traps. It is also 
unlikely that other species prevented C. rutilus from 
entering traps because even in habitats of few C. rutilus 
(gvecuhabitats Teand @1V)" there was notea greaterecapture 
success of other small mammal species, except the 


aforementioned M. pennsylvanicus captures in habitat IV. 
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DEMOGRAPHY OF C. ruti]us WITH REGARD TO HABITAT 
RELATIONSHIPS 

Few studies have been undertaken, and consequently 
little information is available, concerning demographic 
parameters of Clethrionomys in relation to habitat 
preference. Therefore, with regard to the second measure of 
habitat preference, few comparisons can be made between the 
findings of this study and those of the literature. 

Body size iS a quantitative measure of response to 
environmental conditions and habitat quality, and as such 
was analyzed to determine if body size varied among 
habitats. No indication that habitat differences had any 
effect on the body weights of either sex of C. rutilus was 
observed. Mature voles were significantly heavier than 
immature animals, as would be expected, but this difference 
was not habitat specific. 

Body length, on the other hand, did differ among 
habitats. The mean body lengths of spring-caught voles found 
ijHabutrats Ls bheand lit) ins 1980 "“and=Habitats 0 ana Til ain 
1981 were significantly longer than those of voles in the 
remaining habitats (Appendix 15, Table 29). Length, which is 
a measure of skeletal devel conene: ns more eirkely to reflect 
a genetic difference than is weight, which is easily 
influenced by environmental conditions. However, length in 
spring may also be a function of winter conditions, 
especially the thermal regime in the subnivean environment 
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information concerning snow cover and depth in this study; 
however, snow lasted longer in upland sites, such as Habitat 
Il andethe= highertelevations- of Habitat Ill; In addition to 
providing an extended period of protection from predators 
(Miller and Getz, 1972), the persistent snow cover could 
also have allowed the animals in those areas exclusive 
access to overwintered berries (West, 1982), thus 
PACHIUtacInoe Growin. 

Spring temperature is the primary determinant of the 
date of disappearance of the snow cover, and in concert with 
photoperiod, initiates new vegetative growth. The combined 
action of snow cover, light, and food probably influences 
the growth of microtine rodents in early spring. Habitat 
differences did not seem to influence the quality of 
fall-caught C. rutilus as reflected by body length, which 
indicates that all habitats supported growth during summer, 
regardless of the abundance of animals in those habitats. 

The use of certain habitats by small rodents and 
differences in vegetation among the habitat types may 
reflect the quality and availability of food to C. rutilus 
and in turn, may influence the condition (K) of small 
rodents in these areas. According to this measure of 
Conartion- thercondituonsot GC. ruliiusstended noteto ditter 
Significantly amongehabitat types. With consistency ingall 
habitats, mature C: rutij/us appeared to be in better 
condition than immature animals. Mature females in Habitat 


III were apparently in better condition than those in 
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Habitat IV. A difference in the abundance and variety of 
food could provide an explanation for this difference. 

Population density (Scheffer, 1955; Kalela, 1957; 
Ghristian, 196)eeChittysand Chitty, 1962-Sheppe,— 1963 
Krebs, 1964; Bergstedt, 1965; Krebs and Myers, 1974) and 
Stresses (Schetfer, 1955" Christian = 197d earesotherstactors 
that can affect the body weight and consequently the 
condition (K) of an animal. If the observed weight is less 
than predicted weight, then K will be <1, and the animal 
would be considered in poor condition. According to Krebs 
and Myers (1974), condition was "poor" in increasing 
populations and "average" to "good" in declining populations 
of Microtus ochrogaster, a species which undergoes cyclic 
population fluctuations. Since the abundance of C. rutilus 
waS greater in Habitats II and III, one could argue that 
animals in those habitats would be in "poor" condition 
because of competition for food resources and mates, and 
increased stress, but such was not the case. In this study, 
habitat differences did not appear to influence the 
condition of the animals. 

Since it was desirable to determine an index of 
population abundance before and after breeding, trapping was 
conducted in the spring and fall. The onset and termination 
of breeding may vary somewhat from year to year with weather 
conditions, food supply or other factors (Venables and 
Venables, 1965). Several studies (Pinter, 1968; Dyke, 1971; 


Cole and Batzli, 1979: Krohne, 1980; Batzli and Jung, 1981) 
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have shown that quality of natural foods affects 
reproduction in voles and lemmings. 

The litter size of rodents may be affected by a variety 
of factors including season of the year, body weight of 
female, and age and parity of female (Reading, 1966; Krebs 
and Myers, 1974). The size of litters observed in this study 
varied with the season and the body weight and age of the 
female. In the present study, the mean litter size of OW 
females in the spring was smaller than that found in the 
fall(Tables 38 and@40) which isicontrary to the findings of 
Koshkina and Korotkov (1975) in the Salair Foothills in 
Siberia, where OW females produced larger mean litters in 
May than July. The first litter of the breeding season was 
conceived during the first two weeks of May (Table 36) when 
much of the ground was still snow-covered. Consequently, the 
effective daylength under the snow would have been shorter 
than the daylength during the period when the last litter 
was conceived in late July and early August. This may help 
explain why the initial litters were smaller than subsequent 
Fitters. 

As was observed by Koshkina and Korotkov (1975), 
Drekinson} (1976)) and Fuller (1977b), overwintered females 
had significantly larger litters than young-of-the-year 
females. This was probably in part a function of the larger 
body size of OW females. In those OW females that had two 
litters during the breeding season (Table 40), the second 
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Significantly so, even though the mean weight of the females 
was greater in July and in the fall than in May, over all 
habitats. 

Females in no one particular habitat produced larger 
litters or more frequent litters and the number of young per 
100 trap nights was not significantly different among any of 
the habitats. Although more litters were produced in 
Habitats Ifmand 111 “thanrin the» other habitats, that is 
merely a reflection of the number of breeding females 
present within those two habitats. When age class II mature 
females are considered, the reproductive output per female 
was lower in Habitats II and III than in the other habitats. 
This could perhaps be due to competition between the older 
OW females and age class II females for established home 
ranges as was observed by Kalela (1957) for Clethrionomys 
rufocanus. 

Puberty occurs at a very early age in some microtines 
and the age at puberty in some species has been shown to be 
influenced by diet, the social environment, photoperiod 
(Hasler, 1975), and light intensity and wavelength (Evernden 
and Fuller, 1972). The rate of maturation and degree of 
participation in breeding of young-of-the-year animals is 
the most changeable indicator of the intensity of 
reproduction of C. rutilus (Koshkina and Korotkov, 1975). 
ltisavariability 1s closely tied to density of population 
(Krebs and Myers, 1974; Koshkina and Korotkov, 1975; Fuller, 


(979 )emin yearsvot wow: individuals densityeot overwintered 
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females there is a rapid development of young, and their 
early inclusion into the breeding population. Conversely, in 
years of maximum initial numbers of overwintered females, 
maturation of the young is delayed (Koshkina and Korotkov, 
197 See 

Spring densities were not significantly different over 
the three years studied, yet the maturation rate of 
young-of-the-year differed in the two summers studied. This 
indicates therefore, that maturation was independent of 
Spuingedensity, which isvcontrary tothe findings ios 
Koshkina and Korotkov (1975). Every animal born in early 
spring matured in the year of its birth independent of 
Spring density; however, a variable proportion of members of 
later litters matured. In 1979, fewer males than females 
matured in age class II (13.5% male vs 31.8% female) and in 
age classes II and III combined (15.8% male vs 60.5% 
female). These data are consistent with Koshkina and 
Korotkov's (1975) findings where the maturation of young 
males was delayed to a greater degree than that of females 
in populations of increasing density. In 1980 however, a 
year of greater vole abundance in the fall, a larger 
proportion of males (38.5%) than females (17.6%) matured in 
age class II. For age classes II and III combined, males and 
females matured at roughly equal rates (41.4% male vs 44.4% 
female). These data are more in line with Fuller's (1979) 
study of C. gapperi in which males matured at a greater rate 


than females, but contradict the conclusions drawn by Kalela 
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(1957) for C. rufocanus and Koshkina and Korotkov (1975) for 
GrecucLius. 

Differences in habitats could explain the differences 
in the maturation rate of age class II animals because only 
in Habitats II and III was there a greater proportion of 
mature males than females in age class II. Increased 
aggressiveness due to competition for food, nesting sites 
and mates in those habitats with relatively little debris 
and vegetation cover (ie. Habitats I, IV and V) could 
adversely aitect gonad activity, inhibiting maturation, as 
was found by Clarke (1956) in studies of M. agrestis. The 
greater proportion of mature age class II males in Habitats 
II and IIi could be because the quality of these two 
habitats 1S Superior to the others with regard to more 
resources and more debris cover. In addition, there were 
very few age class III and OW males alive in Habitats II and 
III when age class II males became mature and entered the 
breeding population, thus reducing competitive encounters 
among the males of these three age classes. 

As has been discussed by Pinter (1968), Sealander 
(1972) and West (1979), the sequence of maturation is 
consistent with the view that photoperiod is an important 
Fequiatory cue for seproduction in ¢. fFUbIIUSs. Overwincered 
and early cohort females exposed to increasing and longer 
daylength enter reproductive condition, whereas 
late-Summer-born females encounter decreasing and shorter 


daylengths and do not mature sexually. There would be no 
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habitat differences in this regard as all habitats would be 


exposed to similar daylength periods. 


CONCLUSION 


In summary, if the habitats are ranked according to 
vole demographic variables, Habitats II and III appeared to 
be the most favourable with reference to both animal 
abundance and quality. Table 45 outlines those demographic 
parameters of C. rutilus that were significantly different 
among the habitat types. 

Small mammal distributions, particularly those of 
microtine rodents, have been shown to be closely related to 
the type and amount of vegetative cover (eg. Eadie, 1953; 
Mossman, 1955; Hodgson, 1972; Birney et al]., 1976). Habitats 
II and III consisted of the most mature, least disturbed 
forests in my study area. Miller and Getz (1972; 1973) 
concluded that the primary factor influencing the local 
distribution of Clethrionomys gapperi was the amount of 
cover available in the form of fallen trees and logs, brush 
piles and rocky areas. Protection from predation is assumed 
to be the primary reason for greater abundance in sites with 
more cover. | 

Habitats II and III possessed much debris and the plant 
species afforded ground cover for the resident voles. Voles 
may also prefer habitats where free water 1S available as 
standing water, or where adequate water can be obtained 


through food, as this has been shown to be a limiting factor 
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in C. gapperi abundance (Miller and Getz, 1973; Gunderson, 
1959). All habitats except Habitat I were known to possess 
at least some amount of standing water, with Habitats II and 
III usually possessing more than the remaining habitats. 

Snow cover could play an important role in explaining 
differences in abundances of voles, especially during 
Spring. In Upland sites, such as Habitat IL, snow lasts 
longer in the spring than in any other habitat and thus 
could provide an extended period of protection from 
predators for the voles while awaiting the growth of new 
vegetation. If shortage of moisture and cover prevents the 
establishment of voles in certain areas, one might expect 
the species to move into sites where snow persists in early 
spring. Snow could presumably be used as a direct source of 
moisture and would also afford protection from predation 
(Miller and Getz, 1972). 

Clethrionomy rutilus is a habitat generalist and as 
others have noted, for Cijethrionomys spp. in general, 
preferences, if any, are weakly expressed. Habitats II and 
III appeared to be the most favourable with reference to 
both animal abundance and quality, and as such may be 
Selected for by €. rutijus. Rither Survival is greater in 
these two areas or dispersal into them is greater than into 
other habitat types. 

When ranking the demographic variables of C. rutilus to 
fiewhab tats pean ranking ot 1 1S bests consequent yettic best 


"quality" habitats, with regard to animal demography, are 
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those with the lowest mean rank. Since Habitats II and III 
had the lowest mean rank they appeared to be the better 
quality habitats which was reflected by C. rutilus 


demographic variables. 


TABLES 


105 


Table 1. Approximate dates of disappearance of snow and 
first snow on the habitats of the study area. 


Event Habitat 


I il ie IV V 


Last Snow 


hee May 23 June 10 June 4 June 1 May 25 
1980 May 16 June 3 May 26 May 24 May 18 
1961 May 23 June 7 June 2 May 31 May 25 


First Snow 
(27778) Sept 8 Sept 8 Sepu.6 Sept 8 Sept 8 


1980 Sept 6 Sept 6 Sept 6 Sept 6 Sept 6 


Snow-free 
Days 


WEES, 103 o1 7 SS) 107 


1980 114 TS 104 106 UAE 
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Table 3. Date On Which Snap Traps Were Set. 


Habitat 


Trapline 
Number 
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Table 4. Length of live-trapping transects with number of 
traps per vegetation type. 


Transect Length (m) # of Traps Per Vegetation Type 
I 1 LoL hf V 

2 3074 615) A, 0 43 nS 

S) 2525 28 30 Zo a 0 

6 2262 46 14 5 4 3 

i 2000 46 18 3 2 0 
Total Wes 79 33 53 22 


pot Total 45.0 2550 1020 on 6.0 


7G 


a 
a 


Sect 
ysanuh Aciw 2228enays sei a to a Ue sider 
a "8G &@ _ 

a 


a 


. / a - 
im) fapmed pe: ‘ 


—— 


109 


Table 5. Area of habitat types and percentage of 
lavestrapping eftore, by Habitat. 


Habitat 
if Mal eae IV V 
Area (ha) (icy 416.9 2512 200.9 145.7 
Pore O tal 40.0 2355 PRS Pines See 
% Of Trapping 44,9 24.7 ies: leleeed 6.0 
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Table 6. Dates On Which Live-Traps Were Set. 


Transect 1 

Z June 
10 

5 June 
ihe 

6 June 
16 

i June 
19 

5 June 
9 

6 June 
9 


June 
23 


July 
23 


Rota Number 


1980 


July 
- 


July 
i 


Aug 
ie 


Aug 
We) 


Aug 
18 


Aug 
21 


July Aug Aug 
oti 4 iS 


July Aug Aug 
Zl 4 Us 
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‘Snap-traps replaced live-traps. 
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Table 7. Marked animals removed by snap-trapping the 


live-trap sites. 


Number of Number Recovered 
Animals Marked During Snap-Trapping 


Females 58 2a 


Males 97 45 


Percent 
Recovered 
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Table 8. Summary of the discriminant function analysis’ 
showing the significance of the variables chosen 
and percent variance explained by the functions. 


Species Significance 
Pleurozium schreberi 0.0001 
Equisetum arvense 0.0000 
Gramineae sp. 0.0000 
Mitella nuda 0.0000 
Percent of Cumulative 
Function Variance Percent 
1 83%, 16 8354.6 
2 13.64 96.80 
3 2.63 99743 
4 O57 100.00 


‘Soe methods section for details of discriminant function 
analysis. | 
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Table 


Year 


14, Number of individuals, number of species, 
diversity, and evenness of species captured in the 
spring trapping sessions. 


—s H> W OO 


Sie) 


a2) | 


SVS) 


Habitat 


Du ETT IV 


Number in Sample (N) 


WW 14 8 
11 We 9 
2 10 10 


Number of Species (S) 
Z 2 S 
Zz 3 2 
2 3 Z 


Diversity (H) 


S67 0.37 1.06 

44 1.19 neste 

41 0.92 0.47 
Evenness (J) 

ch) 6.37 Geiar 

44 0.75 0.50 

41 0.58 0.47 


Cc — 


(Sy(=) 


16 


12 


H NM O1 


74 


a TKS) 


22 


Tota 


Ono 


48 


Soe 
ip 


47 


0 
" a 


,entoatye 39,2 dR. oz 
oft ot besetqas ess 


itl 


racrnn 


—__ oe 


Table 


Year 
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Number of individuals, number of species, 
diversity, and evenness of species captured 
fall trapping sessions. 
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Table 16. Species diversity (H) and evenness (J) of small 
mammals captured in the study area during spring 
trapping; 1979,1980 and 1981 combined. 


Species Habitat 
T 1 ela nV V Total 
Cee US 14 S15) 29 23 ae 2s 
Le SEDI ricus 0 5 0 0 2 7 
M. pennsylvanicus 0 0 1 2 5 8 
M. longicaudus 1 0 0 0 0 1 
P. intermedius 0 0 4 | 4 fs) 
S. borealis 0 0 1 0 2 3 
Sorex cinereus 0 0 1 1 0 2 
+vOte Ena vy vdua ls 15 40 36 2) 35 153 
# of Species Z 2 5 4 2) 7 


H (Diversity) O35 0.54 Ave) OAS 1.65 ie 
J (Evenness) O35 0.54 ORO Se 0r a. OS7 0.41 
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Table 17. Species diversity (H) and evenness (J) of small 
mammals captured in the study area during fall 
trapping, 1979 and 1980 combined. 


Species Habitat 

I vie SE IV V Total 
GESrurnIiUs 59 Vow 40) Sy, 83 456 
Pe sipiricus 0 3 4 0 2 9 
M. pennsylvanicus 0 2 1 6 19 28 
M. longicaudus 0 0 0 1 0 1 
P,. intermedius 3 1 0 0 2 6 
S. borealis 0 0 1 0 S 4 
Sorex cinereus 5 1 2 0 2 10 
S. obscurus 2 1 ) 3 2 8 
# of Individuals 69 145 128 67 PS) 522 
# of Species 4 6 5 4 7 8 
H (Diversity) 0.81 0.43 0.45 0.80 (eel 0.84 
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Table 20. rD values and percentage of total rD attributed to 
various pairs of habitats. 
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(Years Combined) (Years Combined) 
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Table 21. Results of the Student-Newman-Keuls Procedure for 


B) 


D) 


the fall (1979, 1980) mean captures per trapline 
of C. rutilus. Sexes combined. 


All Ages Combined 
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Table 22. Results of the Student-Newman-Keuls Procedure for 


themiall £01979, 71980) mean captures of Cl rutivus 
males in 150 T.N. 


A) All Ages Combined 


Habitat IV af V it el 
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B) Age Class II 
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C) Age Classes II & III Combined 
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Table 23. Results of the Student-Newman-Keuls Procedure for 
the fall (1979, 1980) mean captures of C. rutilus 
females in 150 T.N. 


A) All Ages Combined 
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Table 24. Results of the Student-Newman-Keuls Procedure for 
the fall (1979 and 1980) mean trapline captures of 
C. rutilus. All age classes combined (F=female, 
M=male). 
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Table 28. The Student-Newman-Keuls Procedure for the fall 
C1O7ORI9E0) biomassuor Cnindit 1 1uS, sum 11200 eben: 
following a one-way analysis of variance. 


A) Sexes Combined 
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Table 29. The Student-Newman-Keuls Procedure for the Spring 


body slength of Ca runi US inel200) TIN. follow: ic 
an analysis of covariance. 
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Table 35. The Student-Newman-Keuls Procedure for the mean 
condition factor value of mature (m) and immmature 
Gi)wearlyveconorts Temale GC grub i) US ell a co0m tN 
following a two-way analysis of variance. Roman 
numerals for habitats. 
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Table 36. Dates of reproductive activities of female C. 
rutilus calculated by back-dating, based on a 
gestation period of 17 days. 


Habitat 
I ie piel IV V 
Earliest Pregnancy 
1979 May May May May = 
Were) e 13 1B3St5 
1980 = May May May May 
3-4 S 6 i 
198. = May May May May 
12 13 V3s14> VOs2 
Last Pregnancy 
1279 oi Sept = Sept Sept 
2 15 i 


1980 Sept = = $ zs 


Table 37. 


Sample of°C. ruil Jus. 


Pregnancy rates in the fall 


1979 and 
Includes those animals 


GCaplLuredvin Ssnap-trapping. of habitats and 
Shap-trapping of live-trap lines. 


Reproductive Condition 
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1980 combined 


and Age Class Habitat 
i it LNG EV. V 
Number in Sample: 

Age Class II 2 1 36 2 7 22 

Age Class III 8 20 14 9 6 

Age Class IV(OWw) 4 10 4 4 2 
% of Females With 1 Litter: 

Age Class II 14.3 8.3 14.3 14.3 PEAS) 

Age Class III Siero 45.0 42.9 ils) 33353 

Age Class IV(OW) 0.0 40.0 0.0 0.0 507.0 
% of Females With 2 Litters: 

Age Class II 4.8 eae O30 14.3 Sno 

Age Class III Zio oto!) Oru 222 GGcr) 

Age Class IV(OW) NOOO 60; 07 100.0 10080 S0n 0 
% of Immature Females: 

Age Class II oO, 88.9 85.0) Tale SS aes 

Age Class III 0.0 0.0 0.0 ORG O20 

Age Class IV(OW) On0 Ono 0.0 Ore 0.0 
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Table 39. The Student-Newman-Keuls Procedure for the mean 


number of embryos in the last litter of age class 
ItI6C. Tubitus, Lollowing avone-way analysis of 
variance. Fall 1979 and 1980 Combined. 
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Table 41. Weighted average output of embryos per female in 
the combined 1979 and 1980 fall sample, by habitat 


and age. 
Age Class Habitat 
I hat ThA aE BY, V 
tel Un 6 0.42 (ORAS) teats Zeeks 
pL eal 2.66 CIB TAS) 4.21 isos 
OW ZG 2210 eas) ARIE) 0.84 


Total 4.73 5.46 Boe 8.04 Dies 
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Habitat 


Gp 
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Proportion of males, by age class of C. rutilus 


removed from the live-trap lines during the 


seventh rota, 1980. Sample size, male and female 


combined, in parentheses. 


Age Categories 
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Table 45, Habitat ranking with regard to those demographic 
Vatiables. Of -C lrutijus ’signiticantly ‘different 
among habitats. 


Habitat 

GaerubL us Characcerrstic I ri Tete dV, V 
Abundance 4 1 2 5 3 
Biomass 

Spring 5 1 Z 3 4 

Fall 6) 1 2 4 3 
Body Lengths 

Spring.) 1979 4 eB 2 1 5 

Spring 1980 3 1 2 5 4 

Spring 198f1 5 1 2 3 4 
Maturity of Age Class II 

Males 5 2 1 4 3 

Females 3 5 4 2 1 
Reproductive Output 

# of Embryos/Female 2 5 1 3 4 

Ouepuc/ 1005 TIN. 5 1 Z 4 3 


Mean Rank ave | Ph 3.4 3.4 
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Replicated Goodness of Fit Test (G-Statistic 
corrected for continuity) for the spring sex ratios. 
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Appendix 7 


Sex ratios and replicated Goodness of Fit results 
(G-Statistic corrected for continuity) for the 
summer 1980 captures of C. rutilus pooled over 

five habitats. Degrees of freedom in parentheses. 
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Appendix 8 


Replicated Goodness of Fit Test (G-Statistic) for the sex 
hat los Ob) thesCaruti/ussremeved = tromuthe = iivestrap 
lines in 1980. Degrees of freedom in parentheses. 
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Appendix 9 


Two-way analysis of variance for the biomass 
Obvthe 1979) 1980 tand 1981) spring 
trapline captures of C. rutilus 
(sexes combined). 


Source of 


Variation Ss df MS F P 
Treatment 26938.43 14 io2ea a? 
Habitat I7WS63 5 4 4264.09 PY Noo. 
Year AO.5%. 3 | 2 2657765 1.14 Nes. 
Interaction 4966.77 8 620.65 Chas) NaS. 
Error 97436. 19 45 2165529 
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Appendix 12 


Two-way analysis of variance for the body 
weights of the 1979 and 1980 combined 
fall sample of mature and immature 
male C. rutilus (early cohort). 


Source: of 


Variation SS df MS F P 

Treatment 109.60 9 (A Aas: Zien P<0.01 
Habitat Aerag bes 4 Bras 0.86 N.S. 
Maturity 74.94 1 74.94 17.04 P<0.001 
Interaction PRA 4 535 Tazz Nesn 

Brecor SHO.28 116 4,40 

Mota 619.89 125 
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Appendix 13 


Two-way analysis of variance for the body 
weights of the 1979 and 1980 combined 
fall sample of mature and immature 
female Cs, TUthiUSs(eanlysconort):. 


Source Of 


Variation SS df MS F Pp 
Treatment PAO SNES 17: =. 232.64 
Habitat Co nO 4 WEIS die: 209 Noo 
Maturity 1483.75 1 1463.07.5 wi SGe74 P=0n0Ci 
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Appendix 16 


Two-way analysis of variance for the body 
lengths of the 1979 and 1980 combined 
fall sample of mature and immature 
male C. rutilus (early cohort). 


Source of 


Variation SS df MS F P 
Treatment Whe. 03 9 19.34 
Habitat OS Si} 4 PGi s3 2 N.S. 
Maturity PS 0! 1 SAO pas P<0.01 
Interaction 34.84 4 Se a 0.94 NaS 
Japepatan g HOw 7S Vale LS AS. 
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Appendix 17 


Two-way analysis of variance for the body 
lengths of the 1979 and 1980 combined 
fall sample of mature and immature 
female C. rutilus (early cohort). 


Source of 


Variation SS eke MS F P 
Treatment 3 GiGwe le 9 418.46 
Habitat a Sierla, 4 fia2zg 0.64 NES; 
Maturity 2243.74 | 2203. ae AoOnele P<0.001 
Interaction 141.28 4 SRee or O:2 NS. 
Error (eve le. Wis! 88 oy ase| 
Total 5BO076S2 97 
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Appendix 18 


Two-way analysis of variance for the condition 
factor of mature and immature early cohort 
(age classes II and III) female 
C. rutilus in the combined 
1979 and 1980 fall sample. 


Source (of 


Variation os df MS F P 
Treatment Si0Gi! 9 0.342 
Habitat Oa & 0.044 2.7 60 P<0.05 
Maturity 2.264 1 2.264 1398 74 P<0.001 
Interaction ORoioul 4 OR022 149 Neos 
Error . 1.408 87 OP Ons 
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Appendix 19 


Two-way analysis of variance for the number of 
litters produced by the mature age classes 
Of CG. ruciius inv the fall trapping 
OLS 9 vane oe). 


Source of 


Variation SS at MS F P 
Treatment 2230 6 35.46 
Age Class whist stole: 2 49.27 Pace NG or 
Habitat i aee2 7 4 Zoo, Petes NaS. 
laigielene Oras 8 wiraoe 
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